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The Zn-Pb prospects in the Stonepark area of southwest Ireland are Irish-type carbonate 
replacement deposits. The k prospects are hosted in a Lower Carboniferous transgressive marine 
carbonate sequence along the eastern margin of the east-west-trending Limerick Syncline, which contains 
a number of volcanic centers. Unlike other Irish-type deposits, those at Stonepark display a close spatial 
and temporal association with volcanism. Zinc-lead massive sulfides occur in strata-bound lenses and 
replaced hydrothermally dolomitized and brecciated intervals within Courceyan-age, non-argillaceous 
micritic mudmounds of the Waulsortian Limestone Formation. The Waulsortian Limestone in the 
Stonepark area is crosscut by Chadian-age dikes, sills, and maar-diatremes of alkali basalt to trachy 
andesite composition that were emplaced pre-, syn-, and post-mineralization. 
Unlike other well-described Irish deposits, the prospects at Stonepark contain an early breccia 
type informally designated as 'igneous dissolution breccia.' This breccia is composed of undolomitized 
angular clasts of Waulsortian Limestone hosted in a dark-black argillaceous and bituminous matrix 
cemented by calcite and locally by ferroan dolomite. The matrix of the igneous dissolution breccia 
contains abundant quartz grains and minor amounts of tourmaline, zircon, and garnet grains. The 
composition and texture of the igneous dissolution breccias suggest they formed from dissolution of 
carbonate rocks by fluids derived from alkali basalt magmatism. The igneous dissolution breccias grade 
into 'siliceous lithic breccias' near the base of the Waulsortian Limestone. Siliceous lithic breccia contains 
rounded lithic clasts of shale and sandstone in a dark-green matrix composed largely of quartz grains 
cemented by either calcite or ferroan dolomite. The quartz and heavy mineral grains in the igneous 
dissolution breccia as well as the lithic clasts and quartz grains in the siliceous lithic breccia appear to 
have been derived from underlying carbonate units as well as the Old Red Sandstone and basement rocks; 
movement of this material upward was associated with alkali basalt diatreme activity.  
 Zn-Pb massive sulfides in the Stonepark prospects are hosted in a dark colored dolomite breccia 
referred to as 'black matrix breccia.’ This breccia was formed by in situ carbonate replacement of the 
Waulsortian Limestone by ferroan dolomite; dissolution associated with breccia formation resulted in 
minor solution collapse. The black matrix breccia in the Stonepark area is similar to the black matrix 
breccia found at other Waulsortian-hosted Irish-type deposits. Black matrix breccia in the Stonepark 
prospects is less laterally and vertically extensive than the earlier formed igneous dissolution breccia. 
 Intrusive rocks, igneous-associated breccias, black matrix breccia, and mineralized zones display 
a strong structural control and strike parallel to east-northeast-trending, west dipping normal faults. 
Intrusions appear to have acted as an aquitards that channeled and trapped ascending hydrothermal fluids 
while black matrix breccia formed aquifers for hydrothermal fluids. 
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Sulfides from the Stonepark area have a wide spread of δ34S isotope values that range from -42‰ 
to +13‰. Ore stage Zn-Pb massive sulfides display a more restricted range of -21‰ to -1‰ (average -
7‰). These values are similar to those reported at other Irish-type deposits and suggest ore stage sulfides 
at Stonepark precipitated from biogenically reduced seawater sulfate. Magmatism in the Stonepark area 
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 The Stonepark zinc-lead prospects are hosted in the Lower Carboniferous carbonate and volcanic 
rock succession of southwest Ireland at the western edge of the Limerick Syncline, a doubly plunging 
structural feature (Figure 1.1). Several Zn-Pb massive sulfide bodies have been discovered around the 
margins of the Limerick Syncline (Tobermalug, Caherconlish, Strahane West, Pallas Green, and 
Carrickittle), additionally the Gortdrum Cu deposit, mined from 1967 – 1975 (Steed, 1986), is located at 
the eastern margin of the syncline (Figure 1.2). The Limerick Syncline is currently the focus of intense 
mineral exploration and is emerging as an important subdistrict of the Irish Zn-Pb Orefield (Redmond, 
2010). Alteration and Zn-Pb sulfide mineralization in the Limerick Syncline were similar to processes 
that operated at other Irish-type sediment-hosted deposits. However, unlike other Irish-type deposits, Zn-
Pb sulfide mineralization in Limerick had a close spatial and temporal link to igneous activity.  
 
Figure 1.1: Location map of Teck Ireland Limited’s Monaster exploration block and of major Irish Zn-Pb 
and Cu deposits. Modified after the Geological Survey of Ireland’s 1:500,000 Bedrock Geology map. 




Figure 1.2: Geologic map of the Limerick Syncline with Monaster exploration block property license outlines and locations of Zn-Pb and copper 
prospects and deposits. Modified after the Geological Survey of Ireland’s 1:100,000 Bedrock Geology map. The outline of the Tobermalug-
Caherconlish deposits taken from the Minco Plc website. TM65 Irish National Grid datum.
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1.1 Scope of this Study  
This work presents a detailed study of Zn-Pb mineralization and associated hydrothermal 
alteration of the Stonepark prospect area, and addresses the influence of pre-to syn-mineralization 
intrusion of igneous rocks on an Irish-type ore forming system. The Carboniferous age stratigraphy and 
bimodal volcanic rocks of the Limerick Syncline has been the subject of several detailed studies (Ashby, 
1939; Strogen, 1983, 1988; Somerville et al., 1992). Zinc-lead and copper occurrences in and around the 
Limerick Syncline have been described by several authors including Duane (1981), Brown and Romer 
(1986), Steed (1986), Duane (1988), Blaney et al. (2003), Tyler, (2007), and Redmond, (2010). The 
objectives of this study are to: 1) determine the spatial or temporal relationships between the igneous 
rocks and alteration, brecciation, and Zn-Pb sulfide mineralization; 2) identify and characterize alteration 
and brecciation of both the carbonate and igneous rocks; 3) construct a paragenetic sequence of alteration 
and mineralization as well as an ore deposit model of the Stonepark prospects; and 4) compare the 
Stonepark prospects with other Zn-Pb deposits around the Limerick Syncline and in the greater Irish 
Orefield. Developing a better understanding the relationships between igneous activity and mineralization 
in the Stonepark area will improve knowledge of the geology and genesis of the Irish Orefield and should 
aid significantly future exploration in and around the Limerick Syncline.  
 
1.2 Location 
 The Stonepark Zn-Pb Prospects are located in Teck Ireland Limited’s Monaster exploration block 
along the western margin of the Limerick Syncline approximately 15 km southeast of the city of Limerick 
in County Limerick, Ireland. The Monaster exploration block is actively being explored as a joint venture 
between Teck Ireland Ltd. (75%) and Connemara Mining Ltd. (25%), and is comprised of six Prospecting 
Licenses (PLs); 449, 450, 2638, 2927, 3367, and 2531 (Figure 1.2). The Stonepark prospect area is 
located in PL #2638, and is composed of three zones of massive Zn-Pb sulfide referred to as Stonepark, 
Stonepark North, and Stonepark West (Figure 1.3).  
The prospect area is situated on the eastern limb of the Limerick Syncline in an agricultural area 
of subdued topography within the Shannon Basin. The area has an average elevation between 50 – 100 m 
above sea level. The area is covered by Quaternary glacial drift with an average thickness of 10 – 50 m. 
Several small hills that represent Chadian-Arundian age volcanic centers are located on the north and 





Figure 1.3: Bedrock geologic map of the Stonepark prospect area showing the location of the Stonepark, 
Stonepark North, and Stonepark West prospects. The area is covered by a thin veneer of Quaternary 
glacial drift and lacks outcrops. The locations of diamond drill holes used for construction of this map are 




Several zinc-lead massive sulfide occurrences have been discovered in Lower Carboniferous 
rocks of Courceyan stage age in and around the Limerick Syncline (Appendix A). The occurrences 
include Carrickittle, Pallas Green, Oola, Strahane West, Caherconlish, and Tobermalug in addition to the 
Stonepark prospects (Figure 1.2). Additional zones containing Zn-Pb mineralized rocks have been 
discovered 10 km to the southwest of Stonepark at Tory Hill and 12 km to the south of Stonepark at 
Bulgaden. All these mineralized zones display a close spatial association with volcanic rocks. The 
relationship between the ages of mineralization and volcanism, however, appears to vary from west to 
east across the syncline with mineralized zones to the east displaying textural evidence that mineralization 
post-dated volcanism while those to the west showing evidence of synchronous mineralization and 
volcanism. The Limerick Syncline and surrounding areas also host anomalous concentrations of copper at 
several stratigraphic intervals. The largest copper occurrence is the Gortdrum Cu-Ag-Hg deposit located 
on the eastern margin of the Limerick Syncline which was mined from 1967-1975 and had ore reserves of 
3.8 Mt of 1.19% Cu and 25.1 g/t Ag (Steed, 1986).  
 
1.3 Stonepark Exploration History 
 Exploration of the Monaster block began in early 2007 with reconnaissance mapping, soil and 
lithogeochemical sampling, and a pole-dipole induced polarization (IP) geophysical survey. Early work 
identified a number of prospective targets in PL2638 that would later become the Stonepark Discovery. 
Five holes (TC-2638-001 to TC-2638-005) were drilled in 2007. The third hole, TC-2638-003, targeted 
an IP chargeability anomaly and intersected black matrix breccia (BMB), a megascopically distinctive 
dolomitic breccia associated with a number of Irish Zn-Pb deposits (Hitzman and Beaty, 1996) and a 
number of thin sericite-pyrite altered dikes. Diamond drill hole TC-2638-004 was collared 500m to the 
south of TC-2638-003 near an inferred northeast- to north-northeast-trending fault. This hole intersected 
BMB with significant amounts of sphalerite and galena near the base of the Waulsortian Limestone, one 
of the major host units for deposits in the Irish orefield (Hitzman and Beaty, 1996). 
 A total of 16 holes were drilled in 2008. Four drill holes yielded intercepts with resource grade 
Zn-Pb while another three holes had intercepts with weak sphalerite and galena in well-developed BMB. 
One hole intersected a +500 m volcanic diatreme. Detailed magnetic, downhole and directional IP, 
gradient array IP and gravity surveys of the Stonepark region were completed in 2008 and led to the 
identification of a number of other potential targets outside of the immediate Stonepark prospect area. 
Drill hole TC-2638-012, approximately 1.5km north of the Stonepark prospect, targeted an IP 
chargeability anomaly and intersected 0.95 m of high-grade colloform gossanous Zn sulfides. Subsequent 
drilling to the east of this hole in 2009 and 2010 intersected a northeast-trending zone of high-grade Zn-
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Pb sulfides now designated Stonepark North. Stonepark North is located on the northern boundary of 
PL2638 immediately adjacent to the Pallas Green zinc prospect controlled by Xstrata Zinc which had an 
announced resource in 2011 of 25.9 million tonnes of 7.51% zinc and 1.38% lead at a 4% cut off (Xstrata 
press release, 2011). Additional drilling in 2010 and 2011 to the southwest of Stonepark North identified 
a third pod of massive Zn-Pb sulfides.  
Airborne full tensor gravity (FTG) and a seismic survey were completed in 2011 to aid in the 
identification of the area’s structural geology. A comprehensive soil geochemistry program was also 
completed in 2011 to better define zinc anomalies; multi-element geochemical analyses were utilized to 
outline intrusive centers. These data were not utilized in this study. 
 
1.4 Methodology 
 Two summer field seasons were spent logging exploration drill core and assisting in the 
exploration efforts at Teck Ireland's Monaster exploration project. Exploration drill core was logged from 
each of the three sulfide zones in the Stonepark area, however the bulk of this study is based upon 
observations and logging of drill core from Stonepark North. Cross sections were created to determine the 
orientation and distribution of intrusives, replacive dolomite, different breccia types, and Zn-Pb sulfides 
(Appendix H). A suite of representative samples was collected from drill core for use in geochemical 
analysis (whole rock geochemistry and total organic carbon (TOC), infrared spectroscopy, reflected and 
transmitted light petrography, Quantitative Evaluation of Minerals by Scanning Electron Microscopy 
(QEMSCAN) analysis, and sulfur, carbon, and oxygen isotopic studies.  
 The 2010 and 2011 summer field seasons were spent on site at the Stonepark exploration project 
logging exploration drill core and collecting samples and field data. Detailed logs and notes of the NQ-
size (49 mm diameter) exploration drill core were recorded both in a field book and digitally with 
handheld personal digital assistant (PDA). Drill core was frequently stained using the method described 
by Hitzman (1999b) with Alizarin Red-S and potassium ferricyanide in dilute hydrochloric acid solution. 
Staining allowed discrimination between ferroan and nonferroan calcite and dolomite and revealed 
complex textural and paragenetic relationships between different carbonate minerals. The computer 
programs ArcGIS and Target for ArcGIS were used to display and manipulate the digital core log data. 
This work utilized the TM65 Irish National Grid datum. Target for ArcGIS was used to plot drill hole 
traces and graphically display rock-type and alteration data. These plots were then used as a guide to 
create digital cross sections across the Stonepark North area, which were instrumental in allowing 
determination of the extent and orientation of igneous intrusions.  
 Forty-six (46) samples of igneous and carbonate host rocks, breccias, dolomite, and massive 
sulfide were sent to OMAC Laboratories Ltd. in Co. Galway, Ireland for whole rock geochemical 
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analysis. The samples were analyzed using a lithium metaborate fusion flux in an ICP-MS and ICP-AES 
instrument, which allowed for the determination of rock forming elements and a range of trace and rare 
earth elements (REE) (Appendix B, C). A portion of each sample was also digested in a 66% aqua regia 
solution (concentrated hydrochloric and nitric acid in a 3 to 1 ratio then diluted by 1/3 with distilled 
water) and then analyzed using ICP-MS to obtain base metals and associated element concentrations from 
sulfides, oxides, and carbonates. The aqua regia digestion required a 0.2 g sample to be digested with 4 
mls of the acid solution in an aluminum hot block for 90 minutes at 85 – 90°C. Distilled water was then 
added after digestion to bring the volume up to 10 mls, and then the sample was submitted for analysis. 
Fifty-eight (58) elements in total were measured for this study.  
 Forty-seven (47) samples of igneous dikes displaying varying degrees of alteration were collected 
from drill core and analyzed by Anna Fonseca, on behalf of Teck Resources Ltd., using infrared (IR) 
spectroscopy with a Terraspec instrument made by ASD of Boulder, CO. Infrared spectroscopy is 
especially useful in discerning between different clay minerals. The Terraspec instrument can analyze a 
wide range of wavelengths (350 nm - 2500 nm). Infrared analyses of the dike samples detected the 
presence of illite, phengite, smectite, and chlorite. Analysis determined that phengite is the most common 
white mica in the samples analyzed. Phengite is spectrally recognized by the ~2200 nm absorption 
features that range from 2211 nm to 2223 nm. The infrared spectroscopic results (Appendix D) have been 
reported as a number representing the likelihood that a given mineral is present and interpreted minerals 
are reported according to the following scheme: 
• 1 = certainly present 
• 0.75 = likely present 
• 0.5 = probably present 
• 0.25 = possibly present 
The numbering scheme is not related to the percentage or abundance of a mineral, only the likelihood that 
it is present. The likelihood that a mineral is detected is primarily dependent on the color and grain size of 
that mineral in the rock. Darker colored minerals produce excessive noise and are difficult for the 
instrument to interpret.  
 Eighty-eight (88) polished thin sections of carbonate cements, breccias, igneous rocks, and 
massive sulfide were examined at the Colorado School of Mines using transmitted and reflected light 
microscopy techniques. Several thin sections were stained with potassium ferricyanide to differentiate 
dolomite from calcite. Several samples of alkali basalt and trachy andesite dikes as well as diatreme 
breccia were stained with sodium cobaltinitrite to identify the presence of potassium feldspar. The 
samples were first etched using hydrofluoric acid vapor and then treated with the sodium cobaltinitrite 
solution that reacts with potassium cation in K-feldspar to produce a yellow stain.  
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 Thirteen (13) polished thin sections were selected for Quantitative Evaluation of Minerals by 
Scanning Electron Microscopy (QEMSCAN®) analysis at the Colorado School of Mines Advanced 
Mineralogy Research Center. The QEMSCAN® instrument is an automated quantitative mineralogy tool 
that utilizes a Carl Zeiss EVO50 SEM platform, four Bruker energy dispersive (EDS) detectors, and 
proprietary software to produce false-colored mineral maps from backscatter electron signals and EDS 
(energy dispersive spectrometer) spectra. Samples utilized in this study represented a mix of igneous 
rocks, breccias, and massive sulfides. The samples were carbon coated prior to being loaded into the 
QEMSCAN instrument, and the analysis was initiated using the iDiscover and FEI control programs. An 
accelerating voltage of 25 keV and a beam current of 5 nA were used for the analysis, and the interactions 
between the beam and the sample were modeled through a Monte Carlo simulation. A beam stepping 
interval of 20 µm for samples TC-2906 and TC-2870 and 10 µm for all other samples was chosen, and 
spectral data from each point was acquired using four energy dispersive X-ray (EDX) spectrometers. The 
EDX spectra were compared against spectra held in a look-up table that allowed for the assignment of a 
mineral at each point. The assignment makes no distinction between mineral species and amorphous 
grains of similar composition. QEMSCAN is not the most appropriate instrument for the identification of 
phyllosilicates, especially clays.  
 The QEMSCAN software produced a spreadsheet that recorded the mineral in weight percent 
(volume %) of each measured point. The results were then processed using the iDiscover software and 
mineral species were assigned to each point by comparing the compositional data to a database of 
predefined minerals. The QEMSCAN instrument is optimized for rapid identification of minerals rather 
than detailed chemical composition identification, for which other techniques are more appropriate.  
 Ninety-five (95) sulfide samples from the Stonepark and Stonepark North prospect were analyzed 
at the Colorado School of Mines Stable Isotope Laboratory. Most of the samples were from drill holes in 
the Stonepark North prospect. The samples were utilized to examine lateral and vertical spatial variability 
of δ34S as well as isotopic variability with different breccia types and paragenetic stages of sulfides. Prior 
to sample preparation, all sulfides were examined under a binocular microscope to check for 
homogeneity. Once a sulfide sample was identified, it was sampled using a micro-drill to create a fine 
powder. The drill bit was sterilized prior to each use by cleaning with a fresh Kimwipe soaked with 
acetone to remove any residual sulfides. The sample powder was collected on a piece of clean weighing 
paper and carefully poured into a glass screw-top vial. A clean sheet of weighing paper was used for each 
sample and the work area carefully cleaned to reduce the chance of contamination.  
 Samples were combusted at 1050°C using a Eurovector 3000 elemental analyzer to form sulfur 
dioxide gas that was then delivered to a Micromass Isoprime stable isotope mass spectrometer in 
continuous-flow mode in helium carrier gas. Sample size was variable dependent on mineralogy and 
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purity, but was generally less than 100 µ-grams. A δ34S isotope ratio transient peak was generated for 
each sample and compared to the δ34S of a laboratory working standard sulfur dioxide reference gas 
calibrated against laboratory standard barium sulfate, NBS-127. All values are reported in delta notation 
as a per mil difference relative to the CTD international standard, with an uncertainty of ±0.3‰ calculated 
from blind duplicates of sample material.  
 Fifty-six (56) carbonate samples were analyzed at the Colorado School of Mines Stable Isotope 
Laboratory to measure δ18O and δ13C isotope values. The samples are representative of the different 
carbonate generations and types observed in the Stonepark area. Carbonate rock samples were prepared 
using the same procedure as the sulfur isotope samples using a micro drill. Prior to drilling, one-half of 
the carbonate samples were stained with Alizarin Red-S and potassium ferricyanide in dilute hydrochloric 
acid solution to differentiate ferroan and nonferroan calcite and dolomite from each other. Staining also 
revealed areas within the sample that were most likely to contain a single carbonate species. After a 
prospective carbonate-type was identified, a similar target was located on the unstained half of the sample 
and drilled.  
 Approximately 90 µm of each carbonate powder sample was weighed and placed into individual 
sample vials. The samples were then quantitatively acidified in vacuo in an on-line auto sampler using 
100% orthophosphoric acid at 90°C. The generated carbon dioxide was cryogenically purified and then 
analyzed for both stable carbon and oxygen isotopes simultaneously in a Micromass Isoprime stable 
isotope ratio mass spectrometer using traditional dual-inlet techniques. The laboratory standard reference 
gas has been calibrated against a laboratory working calcium carbonate powder derived from the 
Colorado Yule Marble (CYM). The CYM composition had been calibrated against NBS-18 and NBS-19 
standard reference materials obtained from the National Institute of Standards and Technology. Data is 
reported as a per mil difference from the Vienna PeeDee Belemnite (V-PDB) international reference. 
Oxygen values were converted to Vienna Standard Mean Ocean Water (SMOW) using the equation 
δ18OVSMOW=1.03091*δ 18OVPDB+30.91‰. Precision for this study was determined through the repeated 
analyses of CYM and blind duplicate analysis of samples is 0.03‰ for carbon and 0.06‰ for oxygen. All 
















 Two major orogenic events (Caledonian Orogeny and Variscan Orogeny) related to the closure of 
the Iapetus Ocean and formation of the Pangaea supercontinent occurred in Ireland during the Paleozoic.  
 
2.1 The Caledonian Orogenic Cycle (Lower Paleozoic) 
 The landmass that comprises Ireland was formed during the Caledonian orogeny. The closure of 
the Iapetus Ocean resulted in the suturing of the Laurentian (Northwest Ireland) and Avalonian (Southeast 
Ireland) terrains. The Caledonian Orogeny was driven by northwest-directed subduction of the Iapetus 
oceanic plate under the Laurentian continent. The orogeny has been divided into two main tectonic 
events: the Grampian Orogeny in the Early-Middle Ordovician (475 – 460 Ma) and the Acadian Orogeny 
in the Early Devonian (400 Ma) (Chew and Stillman, 2009) (Figure 2.1). The Grampian Orogeny was the 
result of island arc accretion to the Laurentian continental margin and is time equivalent to the Taconic 
Orogeny in North America (Chew, 2009). The Grampian orogeny resulted in deformation and high-grade 
metamorphism of accreted passive margin sediments, ocean arc igneous rocks, and Neoproterozoic to 
Middle Cambrian age Dalradian Supergroup rocks in Ireland (Chew, 2009).  
 Iapetus oceanic crust had been fully subducted by the Late Silurian, resulting in the collision of 
the Laurentian and Avalonian continents (Chew and Stillman, 2009) to form the Laurussian 
megacontinent. This continent-continent collision was strongly oblique and resulted in sinistral 
transpression; orogenesis did not produce significant crustal thickening in Ireland and resulted in only 
sub-greenschist facies metamorphism (Chew and Stillman, 2009). The collision zone is called the 'Iapetus 
Suture' and forms a roughly 50km wide, east to north-east-trending structural zone that transects central 
Ireland.  
The Monaster Exploration Block is located on the southern margin of the Iapetus suture zone 
between the Longford-Down terrain and the Leinster terrain. The Longford-Down terrain, located north 
of the Iapetus Suture, is composed of metamorphosed Lower Paleozoic rocks cut by a number of reverse 
faults (Chew and Stillman, 2009). These rocks are interpreted as having been deposited as submarine fans 
and turbidites south of the Laurentian continent that were subsequently incorporated into the Laurentian 
accretionary prism during the subduction (Chew and Stillman, 2009). Rocks in the southern portion of the 
Longford-Down terrain display well-developed cleavage and polyphase folds with deformation intensity 




Figure 2.1: Geologic time scale and list of stage names in Ireland during the Paleozoic. The dates are from 
various sources, most importantly Trapp et al. (2004) and Davydov et al. (2005). 
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The Early Devonian Acadian Orogeny postdates closure of the Iapetus Ocean by roughly 25 
million years (Chew and Stillman, 2009). It has been referred to by Woodcock et al. (2007) as 'proto-
Variscan' rather than 'Late-Caledonian' as this orogenic event may have been formed by northward-
directed thrusting from subduction of the Rheic Ocean to the south. In Ireland this orogeny was 
accompanied by emplacement of numerous granitic intrusions.  
 
2.2 Devonian 
 Toward the end of the Acadian Orogeny a series of grabens were formed by sinistral strike-slip 
faults in the north and west of Ireland (Graham, 2009). Graben formation was associated with 
intermediate to felsic composition volcanism and contemporaneous intrusion of granitic plutons (Graham, 
2009). These basins were filled with conglomerates, red bed sandstones, and mudrocks of the Old Red 
Sandstone Formation derived from Late Acadian igneous rocks and metamorphosed Precambrian and 
Lower Paleozoic rocks (Graham, 2009). The sediments were deposited in relatively arid alluvial and 
fluvial settings (Graham, 2009).  
 In the Middle to Late Devonian, the Proto-Tethys Ocean began to subduct beneath the southern 
margin of the Laurussian megacontinent (Ziegler, 1988). This oblique subduction resulted in back-arc 
extension with sinistral faulting in southern Ireland (Ziegler, 1988) that formed the Munster Basin, which 
contains the thickest accumulations (>7 km) of Old Red Sandstone Formation in Ireland (Graham, 2009). 
By the Late Devonian, uplift and erosion had resulted in peneplanation of central and southern Ireland 
(Hitzman, 1995). Continued crustal extension and a moderate eustatic rise in sea level set the stage for 
northward-directed marine transgression across Ireland (Sevastopulo and Jackson, 2009).  
 
2.3 Lower Carboniferous: Courceyan 
 The north-directed marine transgression initiated in the Late Devonian continued through the 
Courceyan stage of the Lower Carboniferous and resulted in deposition of progressively deeper marine 
carbonate rocks throughout Ireland. Sedimentation transitioned from shallow marine facies (informally 
designated as the Lower Limestone Shales unit) to a progressively deepening ramp or shelf environment 
(the informally designated Argillaceous Bioclastic Limestone unit) (Sevastopulo and Jackson, 2009). 
Laterally extensive micritic mudmounds of the Waulsortian Limestone Formation were deposited above 
the shelf carbonate rocks at aphotic water depths of 150 – 300 m depth and prograded northward across 
Ireland with time (Lees and Miller, 1985). Development of normal faults, many probably nucleated along 
basement structures within the Iapetus suture zone, resulted in rapid subsidence in the Shannon Basin of 
southwest Ireland. It is likely that this extensional event was due to far-field back-arc extension 
(Sevastopulo and Jackson, 2009). Mudmound growth kept pace with subsidence in the Shannon Basin 
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resulting in locally thick (>1,200 m) intervals of the Waulsortian Limestone Formation (Shephard-Thorn, 
1963).  
 
2.4 Lower Carboniferous: Chadian - Arundian 
 Convergence of the Laurussian and Gondwanan plates culminated in the Lower Carboniferous 
and produced a Himalayan-type continent-continent collision far to the south of Ireland. Deformation 
associated with this oblique collision prograded northward with time (Hitzman, 1995). During the Viséan, 
the Shannon Basin and the Limerick Syncline experienced increased rates of subsidence probably caused 
by back-arc extension and sinistral oblique transpression related to the northward advance of the 
Hercynian orogenic zone (Strogen, 1988). This extensional event resulted in the formation of numerous 
normal fault arrays throughout the Irish Midlands (Hitzman, 1995). The Shannon Basin area experienced 
bimodal alkaline volcanism from lower crustal adiabatic melting (Strogen, 1983). The timing of Zn-Pb 
mineralization in Ireland is poorly constrained and remains controversial, but is believed to have occurred 
between the Late Courceyan (355 – 350 Ma) until at least the early Arundian (~345 Ma) (Wilkinson et al., 
2003).  
 
2.5 Lower Carboniferous: Holkerian - Asbian - Brigantian 
 Deposition of deep basinal limestones and shales continued in the Shannon Trough from the 
Arundian into the Holkerian. During the early Asbian, a renewed period of volcanism in the Limerick 
Syncline resulted in the eruption of ankaramitic and limburgitic flows and tuffs of the Knockseefin 
Volcanic Formation (Strogen, 1983). Deposition of a mixed sequence of shallow and deep-water facies 
consisting of shelf carbonates, black shales and turbidites continued through the Asbian and into the 
Brigantian. Further north in Ireland a marine regression resulted in the deposition of gypsum beds in the 
northwest Midlands (Grennan, 1992). Brigantian age striped limestones in the Shannon Basin have been 
interpreted to represent relict evaporite beds (Sevastopulo, 1981a).  
 
2.6 Upper Carboniferous 
 Hercynian compressional deformation reached southern Ireland in the late Carboniferous 
(Ziegler, 1988) and the resulted in the formation of large-scale, east-northeast trending, mostly upright 
folds and local thrust faults (Sevastopulo and Jackson, 2009). Intense folding terminates along the so-
called Variscan Front, approximately 30 km south of the Limerick Syncline. Variscan compression 
resulted in basin inversion along reactivated normal faults, tectonic uplift and regression of the marine 






IRISH-TYPE ZN-PB DEPOSITS 
The Irish ore field constitutes the world's largest known concentrations of zinc in terms of mass 
of metal per unit area of crust (Singer, 1995). The Irish Midlands host carbonate-replacement massive 
sulfide bodies termed "Irish-type" which are a hybrid between sedimentary exhalative (SEDEX) and 
Mississippi Valley-type (MVT) deposits (Hitzman and Large, 1986; Hitzman and Beaty, 1996). Irish-type 
deposits differ from SEDEX deposits in being epigenetic with deposits having formed below the seafloor 
after the lithification of the carbonate host-rocks (Hitzman and Beaty, 1996). Unlike MVT deposits the 
Irish-type deposits contain volumetrically significant iron sulfides as well as silver and minor copper; 
these mineralogical differences were likely the result of higher fluid temperatures in the Irish-type 
deposits relative to most MVT deposits (Hitzman and Beaty, 1996).  
 Irish-type deposits are primarily hosted in the Courceyan-age transgressive marine carbonates of 
the shallow marine Navan Group in northern Irish Midlands (Navan deposit: >90Mt at 8.5% Zn and 2% 
Pb; Ashton et al., 2000; Fallick et al., 2001) and the deeper marine Waulsortian Mudmounds in the central 
and southern Irish Midlands (Lisheen, Galmoy, Silvermines, Tynagh, and Ballinalack deposits; Hitzman 
and Large 1986; Hitzman, 1995; Hitzman and Beaty, 1996; Phillips and Sevastopulo, 1996; Johnston, 
1999; Wilkinson et al., 2003). Irish-type deposits were formed through the replacement of the 
stratigraphically lowermost non-argillaceous marine carbonate rocks in the local stratigraphic section 
through the mixing of deep-seated metal-rich fluids with saline and sulfur-rich connate or oceanic waters 
along normal fault zones (Hitzman and Beaty, 1996; Wilkinson et al., 2005a; Wilkinson, 2010). All the 
deposits display a strong structural control and form largely stratabound wedge-shaped sulfide lenses in 
the hanging wall of normal faults that taper in thickness away from feeder fault zones (Hitzman and 
Beaty, 1996; Johnston et al., 1996).  
Hydrothermal dolomitization is the principal style of alteration in the Irish-type deposits. 
Brecciation of the host carbonates is common and in many deposits breccias host the bulk of Zn-Pb 
massive sulfides, which makes their identification a priority for exploration (Hitzman and Large, 1986; 
Hitzman and Beaty, 1996; Wilkinson and Earls, 2000; Lee and Wilkinson, 2002; Wilkinson, 2003). The 
Irish-type deposits are mineralogically simple. They consist primarily of sphalerite, galena, and 
pyrite/marcasite; barite is an important gangue mineral in several deposits. A number of the Waulsortian-
hosted deposits contain minor tennantite, chalcopyrite, and Pb-Cu-Ag-As sulfosalt minerals (Hitzman and 
Beaty, 1996).  
 Irish-type deposits display a strong structural control with the majority of deposits forming along 
or adjacent to east-west-trending segmented normal fault zones that commonly strike to the northeast; this 
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northeast trend was probably inherited from Caledonian-age basement faults (Figure 3.1) (Johnston et al., 
1996). Individual normal faults generally commonly display oblique slip, have 2 – 3 km long surface 
traces, and dip 45° – 55 ° at the zone of maximum displacement and steepen to 50° – 60° near their 
terminations (Hitzman, 1999a). Normal fault arrays may switch dip polarity along strike (Hitzman, 
1999a). The largest Waulsortian-hosted Irish-type Zn-Pb sulfide deposits occur along north dipping fault 
arrays. Zn-Pb sulfide intervals are best developed in the hanging wall of normal faults at the point of 
maximum throw. Offsets along these normal faults at deposits range from 200 (Lisheen) to 600 m 
(Tynagh) (Hitzman, 1999a).  
Later Variscan compression resulted in reactivation of earlier formed normal faults. South-
dipping normal faults commonly underwent reverse reactivation (Figure 3.2) while north-dipping normal 
faults experienced northward back-rotation (Hitzman, 1999a).  
 
 
Figure 3.1: Schematic diagram illustrating the left stepping relay ramp fault array along the Rathdowney 
Trend (from Hitzman, 1999a). 
 
Dolomitization and brecciation of the Waulsortian Limestone were the primary forms of 
alteration associated with Irish-type deposits and were an important precursor to Zn-Pb sulfide 
mineralization. Regional dolomite was the first stage of ground preparation for Irish-type deposits. It is 
believed to have formed from early seawater diagenesis followed by neomorphic recrystallization (Wright 
et al., 2004). Regional dolomitization occurred within the Waulsortian Limestone from the edge of the 
Variscan Front northward along the western flanks of the Leinster Massif (Hitzman and Beaty 1996; 
Hitzman et al., 1998; Johnston, 1999; Gregg et al., 2001; Wilkinson, 2003). An early phase of regional 
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dolomitization formed fine- to medium-grained (50 – 100 µm), euhedral to subhedral grey, nonferroan 
dolomite that is mildly turbid due to inclusions of organic matter (Hitzman et al., 1998). This dolomite 
preferentially replaced micritic portions of the Waulsortian Limestone; this dolomite locally preserves 
sedimentary textures.  
 
 
Figure 3.2: Schematic cartoon illustrating the structural evolution of the Irish Midlands during Chadian-
Arundian extension and later Variscan compression. (a) In the Chadian-Arundian, extensional tectonics 
produced both north- and south-dipping normal fault arrays that created numerous horst and grabens 
throughout the Irish Midlands and the formation of Zn-Pb massive sulfide bodies in the hanging wall of 
normal faults. (b) Variscan compression resulted in the reverse reactivation of south-dipping normal 
faults, which uplift and deform earlier ore deposits (from Hitzman, 1999a).  
 
Formation of the fine-grained replacive dolomite was followed in many areas by precipitation of 
a more coarsely crystalline planar to weakly nonplanar white dolomite with undulatory extinction and 
locally a saddle-shaped habit reflecting precipitation at high temperatures (Radke and Mathis, 1980; 
Hitzman, et al., 1998). This coarse white dolomite filled vugs and voids and preferentially replaced 
coarser crystalline marine calcite cements and bioclastic grains within the Waulsortian Limestone 
(Hitzman et al., 1998). It appears that regional dolomitization increased the permeability of the 
Waulsortian Limestone; where measurements have been conducted in the Rathdowney Trend area 
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permeabilities of dolostones are 0.07 – 0.51 millidarcies compared to permeabilities of 0.02 – 0.03 
millidarcies in undolomitized Waulsortian Limestone (Hitzman et al., 2002).  
 Regional dolomite is cut and replaced by both fine- and coarse-grained hydrothermal dolomite at 
several of the Irish deposits (Hitzman et al., 2002). Fine-grained hydrothermal dolomite locally displays a 
distinctive pseudo-breccia texture that has been designated as black matrix breccia (BMB) due to its dark 
coloration (Hitzman and Beaty, 1996). Black matrix breccia formed through in-situ replacement of 
limestone or regional dolomite and solution collapse (Andrew, 1986; Doyle et al., 1992; Hitzman and 
Beaty, 1996; Redmond, 1997; Lee and Wilkinson, 2002). Black matrix breccia forms stratiform wedge 
shaped lenses that thin away from normal fault zones; black matrix breccia is generally best developed 
along the base of the Waulsortian Limestone Formation (Andrew, 1986; Doyle et al., 1992; Redmond, 
1997; Hitzman et al., 2002; Lee and Wilkinson, 2002; Wilkinson et al., 2005a).  
 The dark matrix of the BMB is composed of very fine-grained (commonly <20 µm), turbid, 
locally ferroan, planar dolomite crystals with minor pyrite and sphalerite (Redmond, 1997; Wilkinson and 
Earls, 2000; Lee and Wilkinson, 2002). The dolomite crystals are identically zoned in CL and unimodal 
in size implying homogeneous nucleation and growth, possibly due to rapid open-space growth 
(Wilkinson and Earls, 2000). Dolomite within the matrix of the black matrix breccia appears to have been 
precipitated during mixing of a moderate salinity (~12 wt. %), high temperature (~220°C), basement-
derived fluid with a lower temperature (~100°C), shallow formation brine (Wilkinson and Earls, 2000). 
The dolomitic matrix of black matrix breccia has a high intergranular porosity (10 to 20 percent) 
(Hitzman et al., 2002). Clasts within the black matrix breccia are composed of subrounded to angular 
fragments of Waulsortian wallrock that range in size from several hundred microns to several meters in 
diameter (Redmond, 1997; Hitzman et al., 2002; Fusciardi et al., 2003). Clasts commonly display diffuse 
margins probably resulting from dolomite recrystallization and may have a thin rim of coarse white 
dolomite (Wilkinson and Earls, 2000; Wilkinson et al., 2005a). Clasts are often cut by thin veinlets of 
ferroan dolomite and may contain small vugs filled with euhedral white ferroan dolomite showing a slight 
saddle shaped habit; this white euhedral dolomite is often difficult to distinguish megascopically from 
earlier coarse white regional dolomite (Wilkinson and Earls, 2000).  
Black matrix breccia locally contains dark laminated internal sediments composed of planar 
dolomite rhombs, insoluble detritus, and micro-clasts of wallrock (Redmond, 1997; Hitzman et al., 2002). 
These textures are indicative of dissolution and collapse during black matrix breccia formation. While the 
relative importance of replacive alteration and dissolution/collapse in black matrix breccia formation 




 Zones containing coarse white hydrothermal dolomite, generally as a stockwork of veins and 
vugs, overlie many black matrix breccia zones. Where white dolomite veins and vugs are abundant the 
rock is termed white matrix breccia (Redmond, 1997). This coarse white dolomite is nonferroan and 
forms nonplanar saddle shaped crystals 200 μm to 8 mm in size (Redmond, 1997). It appears to have been 
precipitated from a relatively high temperature (>150°C), moderate salinity (~11.6 wt. %) fluid 
(Wilkinson and Earls, 2000).  
 At many Zn-Pb deposits, black and white matrix breccias are cut by steeply dipping veins 
containing pink-colored ferroan dolomite with saddle textures (Boast et al., 1981; Redmond, 1997; 
Hitzman et al., 2002; Wilkinson et al., 2005a). The pink dolomite was frequently overgrown by minor 
fine-grained pyrite and chalcopyrite. This paragenetically late dolomite is interpreted to represent post-
mineralization brine migration related to the onset of Variscan compression (Wilkinson and Earls, 2000).  
 Irish-type Zn-Pb deposits formed through the mixing of deep seated metal-rich, sulfur-poor 
hydrothermal fluids with cooler sulfate- and sulfide-rich marine and formation water (Hitzman and Beaty, 
1996; Wilkinson, 2003; Wilkinson et al., 2005a; Wilkinson, 2010).  
The deep-seated, metal-rich fluids were probably heated by a relatively high geothermal gradient 
related to crustal extension (Hitzman and Beaty, 1996). Halogen geochemistry indicates the deep-seated, 
fluids were derived from partially evaporated seawater (Everett et al., 1999; Gleeson et al., 1999; Banks et 
al., 2002; Wilkinson et al., 2005b; Wilkinson, 2010). Fluid inclusion evidence indicates the fluids had 
very low total sulfur content (Wilkinson et al., 2005a; 2007; 2009; Wilkinson and Hitzman, in press). 
These fluids appear to have descended along normal faults, become reduced at depth, and then leached 
metals from both metamorphosed basement rocks and the Devonian and lowermost Carboniferous red 
beds (Wilkinson and Hitzman, in press). Biogenically reduced sulfur-rich formation waters derived from 
the host lithologies and from the overlying Chadian-Arundian Ocean form the second important fluid 
responsible for the Irish Zn-Pb deposits (Lydon, 1986; Russel, 1986; Johnston, 1999; Wilkinson et al., 
2005a). Mixing of the deep-seated and shallow-derived fluids resulted in a decrease in fluid temperature, 
increase in pH due to carbonate wallrock dissolution, and destabilization of metal complexes through the 
addition of reduced sulfur (Wilkinson and Hitzman, in press). 
  Fluid inclusion studies of ore related minerals have yielded hydrothermal fluid homogenization 
temperatures between 70° and 280°C, with the majority falling between 130° and 240°C, and ore fluid 
salinities range from 4 to 28 wt. % NaCl equivalent with the majority falling between 8 to 19 wt. % 
(Wilkinson, 2010). There is evidence for considerable variation in the salinity and temperature of the ore 
fluid across the Irish orefield, with generally lower salinity (5 – 14 wt. % NaCl equivalent) and lower 
temperature (100 – 190°C) in the north and west and higher salinity (11 – 19 wt. % NaCl equivalent) and 
higher temperatures (150 – 260°C) in the south and east (Wilkinson, 2010; Wilkinson and Hitzman, in 
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press). The higher homogenization temperatures in the south and east are believed to reflect deeper 
hydrothermal circulation and/or increased influence from magmatic heat (Wilkinson and Hitzman, in 
press).  
 The Waulsortian Limestone is the stratigraphically lowermost non-argillaceous carbonate rock in 
the Irish Midlands (Hitzman and Beaty, 1996). Mineralization in the Irish district commonly occurred in 
areas of increased permeability and porosity produced by extensive dolomitization and hydrothermal 
brecciation. Such zones presumably allowed for more efficient mixing of the metal-rich fluid and sulfur-
bearing fluids (Hitzman and Beaty, 1996). Sulfides preferentially replaced the fine-grained dark matrix 
dolomite of black matrix breccias and eventually replaced breccia clasts to form massive sulfide intervals. 
Sulfide zones in undolomitized Waulsortian Limestone at deposits such as Tynagh (Boast et al., 1981) 
and Ballinalack (Jones and Brand, 1986) are generally restricted to within tens of meters of faults, 
probably due to the low permeability of the well cemented Waulsortian Limestone (Hitzman et al., 2002). 
In both dolomite and limestone-hosted systems the thickness and grade of sulfide intervals decreases 
away from normal faults that formed hydrothermal fluid conduits.  
The Irish deposits have a simple ore mineralogy composed of pyrite, marcasite, sphalerite and 
galena with minor tennantite, chalcopyrite, bornite, arsenopyrite, and/or Pb-Cu-Ag-As sulfosalt minerals; 
some deposits contain significant amounts of barite (Hitzman and Beaty, 1996; Hitzman et al., 2002). The 
first stage of sulfide mineralization generally formed colloform iron sulfides (pyrite and marcasite) with 
minor sphalerite and galena, followed by precipitation of colloform sphalerite, and then by a complex 
assemblage of sphalerite, galena, pyrite, sulfosalt minerals, and copper sulfides (Hitzman et al., 2002). 
Copper is strongly zoned and is generally found proximal to feeder faults (Hitzman et al., 2002). Massive 
sulfide bodies are commonly zoned with galena-, sphalerite-, and pyrite-rich zones transitioning to more 
iron dominant sulfide assemblages outward from normal faults. Sulfides replace wallrock but may also 
form growths into open space. Carbonate dissolution during mineralization formed cavities, which were 
infilled by colloform masses of sulfides intergrown with either dolomite or calcite (Hitzman et al., 2002). 
With continued carbonate dissolution, previously precipitated sulfides were locally brecciated and formed 
clasts in a sulfide or carbonate matrix. Textures in most deposits indicate complex fluctuations between 














STONEPARK PROSPECT AREA STRATIGRAPHY 
The Limerick Syncline and surrounding areas are underlain by weakly metamorphosed Lower 
Paleozoic basement rocks that are unconformably overlain by alluvial to fluvial sandstones and 
conglomerates of the Late Devonian Upper Red Sandstone (Figure 4.1). A northward-directed marine 
transgression initiated during the Lower Carboniferous resulted in the deposition of progressively deeper 
marine carbonate rocks in the area through time. Extensional tectonism during the Chadian through 
Asbian resulted in bimodal volcanism and intrusion of igneous rocks into the marine carbonate sequence. 
 
 
Figure 4.1: Stratigraphic section for the Limerick Syncline. The rock unit thicknesses are approximate. 
The Argillaceous Bioclastic Limestone, Waulsortian Limestone, Lough Gur, and Knockroe Volcanic 
units have been intersected during drilling in the Stonepark area.  
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4.1 Lower Paleozoic and Precambrian Basement 
 The Lower Paleozoic and Precambrian basement rocks of the Irish Midlands are complexly 
folded and faulted graywacke, slates and volcanics of sub-greenschist facies (Hitzman et al., 1995). 
Lower Paleozoic and Precambrian basement rocks have not been intersected in exploration drilling in the 
Stonepark area though basement clasts of schists and gneisses have been observed in some of the igneous 
diatremes and are being examined by other researchers. The closest outcrop of basement rocks is located 
20 km to the northeast of Stonepark and consists of greenschist grade Silurian metasedimentary rocks of 
the Hollyford Formation.  
 
4.2 Old Red Sandstone 
 The Devonian to early Courceyan Old Red Sandstone unconformably overlies the Lower 
Paleozoic Basement and is the oldest rock unit exposed in the area. Drilling in the Stonepark area does 
not intersect the Old Red Sandstone, but outcrops of this unit are present 10 km to the southwest. The Old 
Red Sandstone is a redbed sequence of sandstone and conglomerate derived from erosion of Paleozoic 
basement and Devonian age intrusive rocks (Graham, 2009). The Old Red Sandstone in southwest Ireland 
was deposited as alluvial fan-type conglomerates near the margin of the Munster Basin and as fluvial and 
lacustrine sandstones, arkoses and siltstones towards the basin interior (Graham, 2009). Rounded clasts of 
red to brown colored Old Red Sandstone up to 10 cm in size have been observed in alkali basalt diatreme 
breccias at Stonepark (drill hole TC-2638-019).  
 
4.3 Lower Limestone Shale 
 The Lower Limestone Shale unit conformably overlies the Old Red Sandstone and represents 
sediments from the initial north-directed marine transgression in southern Ireland (Philcox, 1984). The 
Lower Limestone Shale is subdivided into the Mellon House, the Ringmoylan Shale, and the Ballyvergin 
Mudstone formations. The Mellon House Formation consists of flaser-bedded sandstones that become 
more calcareous up section and grade into a sequence of shale, siltstone, and thin argillaceous limestone 
beds (Grennan, 1986). The Ringmoylan Shale Formation is a 10 - 40 m thick (average 20 m) fossiliferous 
calcareous mudrock with thin limestone beds that increase in abundance with stratigraphic height 
(Phillips and Sevastopulo, 1986). The Ringmoylan Shale Formation hosts significant sulfides at the 
Aherlow, Ballyvergin, Gortdrum, and Mallow copper deposits (Phillips and Sevastopulo, 1986). The 
Ballyvergin Shale Formation is a non-calcareous, grey-green mudrock and fine sandstone that represents 
a significant transgressive event in southern Ireland (Phillips and Sevastopulo, 1986). The unit has sharp 
top and bottom contacts and is interpreted to have been formed by the rapid uplift and short-lived erosion 
of fine-grained Silurian age rocks northwest of Limerick (Phillips and Sevastopulo, 1986).  
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4.4 Argillaceous Bioclastic Limestone  
 The Argillaceous Bioclastic Limestone is a fossiliferous packstone to wackestone with a wispy 
dark-black argillaceous matrix (Shephard-Thorn, 1963). The Argillaceous Bioclastic Limestone is 
subdivided into the lower Ballymartin Limestone Formation and the overlying Ballysteen Limestone 
Formation. Exploration drill holes in the Monaster exploration block were terminated once they 
intersected the Ballynamona Member (a.k.a. 'Transition Zone') of the upper Ballysteen Limestone 
Formation. The Argillaceous Bioclastic Limestone has been interpreted to have been deposited in a 
carbonate ramp setting (Somerville and Strogen, 1992). The Ballysteen Formation hosts significant 
sulfides at the Gortdrum, Courtbrown, and Silvermines deposits (Phillips and Sevastopulo, 1986).  
 
4.4.1 Ballymartin Limestone Formation 
 The Ballymartin Limestone Formation is a 30 – 50 m thick argillaceous limestone and shale that 
conformably overlies the Ballyvergin Mudstone Formation (Phillips and Sevastopulo, 1986). The base of 
this unit is highly argillaceous and thinly bedded; the unit becomes progressively more argillaceous and 
thicker bedded up section (Strogen, 1988).  
 
4.4.2 Ballysteen Limestone Formation 
 The Ballysteen Limestone Formation is a 200 m thick argillaceous unit that is subdivided into the 
Knockainy Limestone Member and the overlying Ballynamona Member, also referred to as the 
'Transition Unit' (Strogen, 1983). The Knockainy Member is roughly 170 meters thick and contains dark-
black, nodular bedded, argillaceous crinoidal packstones with intercalated carbonaceous shale bands 
(Figure 4.2). The Knockainy Member contains abundant crinoid and brachiopod and lesser bryozoan, 
sponge spicule, gastropod, and bivalve debris (Strogen, 1988).  
 The Ballynamona Member is composed of nodular micrite surrounded by crinoid-rich pale-grey 
micrite with bands of dark-grey to black colored argillaceous material (Figure 4.3). The Ballynamona 
Member marks the gradational contact between the Argillaceous Bioclastic Limestone and the overlying 
Waulsortian Limestone. It varies in thickness from <5 to 50 meters; this variation may reflect depositional 
topography. Exploration geologists at Teck Ireland have identified three sub units with the transition 
zone: a lower mudstone unit composed of black carbonaceous lime mudstones with variably amounts of 
crinoid ossicles, a crinoidal floatstone / wackestone unit, and a nodular unit that contains clean pelletal 
packstones and thin carbonaceous and argillic seams. The crinoidal floatstone / wackestone and nodular 
units are lithologically similar to the ‘off reef’ facies of the overlying Waulsortian Limestone. Most 
exploration drill holes at Stonepark end in the nodular unit, which frequently contains a 10 – 30 cm thick 
pale-green volcanic tuff band that serves as a temporal marker bed. The transition unit may contain 
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intervals of diagenetic nodular chert. The transition unit is locally pervasively silicified, especially 
proximal to faults.  
 
 
Figure 4.2: Photograph of the Knockainy Limestone Member of the Ballysteen Limestone Formation 
showing coarse crinoidal debris in a dark argillaceous matrix. (TC-2638-008; 580 m. Down hole direction 
is to the right). 
 
 
Figure 4.3: Photograph of the nodular unit of the Ballynamona Member of the Ballysteen Limestone 
Formation and illustrates that the rock is composed of mottled (nodular) micrite surrounded by 
argillaceous seems and sparse pelletal packstone intervals. The nodular unit marks the transition from 
Argillaceous Bioclastic Limestone to Waulsortian Limestone. (TC-2638-030; 559 m. Down hole direction 
is to the right). 
 
4.5 Waulsortian Limestone  
 The Waulsortian Limestone, also referred to as the 'Reef', is the host rock for the majority of Irish 
zinc-lead massive sulfide deposits. The Waulsortian Limestone was deposited in the late Courceyan 
through lowermost Viséan throughout southern and central Ireland. The Waulsortian Limestone is a pale-
grey to light-blue colored massive micritic mudstone-wackestone with intervals of crinoid- and bryozoan-
rich packstones to grainstones. It represents large coalesced mud mounds formed by the activities of 
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microbial communities (Lees and Miller, 1985). The mud mounds contain fenestellid bryozoans, sponges, 
and brachiopods, with lesser crinoids, bivalves, gastropods, nautiloids, ammonoids, trilobites and 
ostracods (Sevastopulo and Jackson, 2009). The Waulsortian Limestone is distinguished by abundant 
stromatactis cavities largely formed from the zoaria of fenestellid bryozoans, which are filled with 
geopetal micrite and cemented by later radial fibrous and blocky calcite cements (Lees and Miller, 1985) 
(Figure 4.4). 
 The Teck Ireland exploration program subdivided the Waulsortian Limestone into four main 
lithofacies; stromatactis mud boundstone, mottled nodular mud boundstone, veine bleue mud boundstone, 
and pelletal packstone. These lithofacies display rapid thickness changes in the Stonepark area.  
The stromatactis mud boundstone lithofacies consists of fine-grained micritic mudstones with 
abundant stromatactis cavities that generally have flat bases and irregular tops. This lithofacies is found 
throughout the Waulsortian Limestone sequence but is generally best developed in the lowest 50 – 75 m 
of the sequence just above the Ballynamoma Member of the Argillaceous Bioclastic Limestone. The 
mottled nodular mud boundstone lithofacies contains nodular masses of buff colored micritic mudstone 
set in a dark grey calcite matrix that forms a mottled "camouflage" pattern. This lithofacies occurs at all 
levels within the Waulsortian Limestone sequence. The veine bleue mud boundstone lithofacies contains 
dark-grey to bluish grey colored micritic limestones with numerous Neptunian vugs and veins cemented 
by concentric bands of radiaxial marine calcite cements. This lithofacies is rarely observed in the 
Stonepark area. The pelletal packstone lithofacies is a limestone composed of pellets and crinoid ossicles 
in a lime mud matrix. This lithofacies was likely deposited on the lower flanks of the mud mounds and is 
sometimes transitional into the Waulsortian Equivalent Unit (WEQ) or 'off-reef' facies.  
 The Waulsortian Equivalent Unit, also called the 'off-reef' facies, consists of micrite nodules in a 
banded to bedded argillaceous matrix (Figure 4.5). The unit is crinoid rich and commonly contains 
irregular patches of diagenetic dark chert. It is lithologically similar to the Ballynamoma Member of the 
Argillaceous Bioclastic Limestone unit. It was probably deposited in topographic lows between micritic 
mud mounds.  
Beds in both the Waulsortian Limestone and the Waulsortian Equivalent Unit have 
syndepositional dips of up to 40° indicating the mud mounds formed an irregular topography on the sea 
floor. Individual Waulsortian mud mounds had as much as 200 meters relief (Sevastopulo and Jackson, 
2009). The Waulsortian Limestone is 290 m thick at Cromwell Hill in the eastern portion of the Limerick 
Syncline and over 450 m thick near Grange ten miles to the west (Strogen, 1983). Exploration drilling has 
shown that the Waulsortian Limestone locally exceeds 650 m in thickness near the axis of the Limerick 
Syncline to the south of Stonepark. The variable thickness of the Waulsortian Limestone is thought to 





Figure 4.4: Photograph of Waulsortian stromatactis mud boundstone facies with abundant stromatactis 
cavities. (TC-2638-050; 328 m.) 
 
 
Figure 4.5: Photograph of the Waulsortian ‘off-reef’ equivalent unit showing alternating beds of pale-grey 
Waulsortian micrite with crinoid debris that transition into fine-grained laminated argillaceous intervals 
with increasing carbonaceous material. The dark-black carbonaceous intervals are silicified with 






4.6 Lough Gur Formation 
The Lough Gur Formation, also known as the 'Supra-Bank' facies of the Waulsortian Limestone 
(Strogen, 1988), conformably overlies the Waulsortian Limestone and closely resembles the Waulsortian 
Equivalent Unit. It is a fine-grained, dark-grey to black colored crinoidal wackestone and packstone with 
wispy argillaceous and carbonaceous beds; locally it contains abundant black chert (Figure 4.6). The 
Lough Gur Formation fills in topography between the underlying Waulsortian mud mounds and ranges in 
thickness from 40 and 100 meters (Strogen, 1988). The Lough Gur Formation is overlain by volcanic 
rocks of the Knockroe Volcanic Unit. Locally the Lough Gur Formation contains interbedded tuffs and 
volcaniclastic beds.  
 
 
Figure 4.6: Photograph of the Lough Gur Formation wackestones. This interval contains nodules of dark-
grey to black colored diagenetic chert. (TC-2638-083; 32 m.) 
 
4.7 Knockroe Volcanic Unit 
 The Knockroe Volcanic Unit comprises a suite of Chadian-age volcaniclastic tuffs, lavas and 
intrusive rocks. Compositionally the igneous rocks are mildly evolved alkalic basalts, hawaiites, and 
trachytes (Ashby, 1939; Strogen, 1983). The thickness of the Knockroe volcanic rock sequence varies 
dramatically within the Limerick Syncline. The Knockroe Volcanic Unit in the Stonepark area ranges in 
thickness from 50 – 100 m. However, an exploration hole drilled to the south of Stonepark near the center 
of the syncline intersected >800 m of Knockroe volcanic rocks. The variations in thickness in the area 
likely reflect proximity to volcanic centers, depositional topography, and differential rates of subsidence. 
Knockroe volcanism began with explosive Surtseyan-type alkali basalt eruptions that produced 
laterally extensive vitric and volcaniclastic tuffs (Strogen, 1983). The vitric tuffs are composed of 
variably green colored volcanic ash layers and normal graded beds containing dark-brown to black, sub-
rounded vitric clasts and lapilli that range in size from <1 mm – 4 cm. The volcanic ash was altered to 
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chlorite, carbonate and sericite (Strogen, 1983). The vitric and lapilli beds are cemented by a calcite 
matrix. Approximately 50 – 60 % of the vitric clasts contain magnetite and are strongly magnetic.  
 The basal tuffaceous rocks of the Knockroe volcanic rock sequence are generally overlain by 
massive alkali basalt lava flows. The absence of pillow textures and presence of flow breccias suggests 
most flows were erupted in a subaerial environment. Flows are commonly separated by clast-rich lithic 
tuffs that have been interpreted to have formed from subaerial Vulcanian-style vent clearing (Strogen, 
1983). These tuffs contain Lower Paleozoic basement, Carboniferous carbonate rock, and trachy andesite 
clasts (Figure 4.7) (Strogen, 1977; 1983). Individual clasts range in size from <1 to >10 cm and average 3 
cm in diameter. The Lower Paleozoic and Carboniferous clasts are commonly rounded, likely due to 
milling during eruption. Waulsortian Limestone forms the most common clast type. The lithic tuffs 
contain large quantities of quartz and lesser microcline, which Strogen (1983) interpreted as being derived 
from the Old Red Sandstone though clasts of Old Red Sandstone are rarely observed. Strogen (1983) 
interpreted this relationship to indicate that the Old Red Sandstone was poorly lithified at the time of 




Figure 4.7: Photograph of the Knockroe volcanics which contains clasts of Waulsortian limestone, 
Argillaceous Bioclastic Limestone, Lower Limestone Shale cemented in a matrix of fine-grained volcanic 
material and calcite. (TC-2638-030; 57 m. Downhole direction is to the right.) 
 
4.8 Herbertstown Limestone Formation 
 The Arundian to Holkerian Herbertstown Limestone Formation conformably overlies and is 
locally interbedded with the Knockroe Volcanic Unit. It is also interlayered with the overlying 
Knockseefin Volcanic Unit. The Herbertstown Limestone Formation contains non-argillaceous well-
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bedded biosparitic and oobiosparitic grainstones indicative of deposition in a high-energy, shallow water 
environment (Strogen, 1988; Somerville and Strogen, 1992; Somerville et al., 1992). The Herbertstown 
Limestone Formation is approximately 150 m thick in the southeastern portion of the Limerick Syncline 
and thickens to approximately 500 m to the west and northwest (Strogen, 1983; Somerville and Strogen, 
1992; Somerville et al., 1992).  
 
4.9 Knockseefin Volcanic Unit 
 The Knockseefin Volcanic Unit is composed of aphyric ankaramite and limburgite lava flows and 
volcaniclastic rocks that were erupted from a volcanic center on the eastern limb of the Limerick Syncline 
(Strogen, 1983). Knockseefin volcanic rocks are not as laterally extensive as the earlier Knockroe 
volcanic rocks and are only observed on the east and center of the syncline where they are up to >500 
meters thick (Strogen, 1983). This volcanic unit is not present in the immediate Stonepark area. 
Knockseefin lavas are described as containing scarce xenocrysts of aluminous clinopyroxene and 
orthoclase as well as xenoliths of clinopyroxenite, rare sodic syenites, and anorthoclasites (Strogen, 
1988). Pervasively clay-altered ankaramite dikes of the Knockseefin Volcanic Unit are observed in the 
Gortdrum copper mine, approximately 5 km east of the syncline, and interpreted to have a close temporal 
link with Cu-sulfide mineralization (Steed, 1986).  
 
4.10 Dromkeen Limestone Formation 
 The Asbian Dromkeen Limestone Formation conformably overlies the Knockseefin Volcanic 
Unit. This formation is composed of well-bedded pale-grey grainstones with sporadic shale bands. It is 
finer-grained and more poorly sorted than the Herbertstown Limestone Formation (Strogen, 1988). The 
Dromkeen Limestone Formation has been eroded in the Stonepark area but is preserved 5km to the east in 




















 The Shannon Basin is an asymmetrical half-graben believed to have been formed by a broad 
flexural basement downwarp to the south (Strogen, 1983). The northern margin of the Shannon Basin 
contains few recognized faults, while the southern margin contains numerous east-northeast -trending 
volcanic and/or geophysical lineaments spaced at intervals of 6 – 10 km that are interpreted to represent 
normal faults (Strogen, 1983). The Limerick Syncline is a double-plunging, east-west trending 
synclinorium located within the Shannon Basin. It is located at an inflection point from east-west to 
southwest-northeast along the trend of the Iapetus Suture. The Limerick Syncline is inferred to have been 
a pull apart basin formed by sinistral transtension that was inverted during northward-directed Variscan 
compression (Strogen, 1983).  
 Back-arc extension resulting from sinistral oblique Hercynian convergence is thought responsible 
for the formation of grabens and alkaline-bimodal intraplate volcanism in the Shannon Basin during the 
Chadian-Arundian and again in the early Asbian (Strogen, 1977, 1983). Volcanism in the Shannon Basin 
was focused along the two east-northeast-trending lineaments on the north and south limbs of the 
Limerick Syncline (Strogen, 1977, 1983). Six igneous centers are present in the syncline that young from 
west to east. The north limb of the syncline contains volcanic centers at Boughilbreaga, Knockroe, and 
Knockanea. The south limb contains volcanic centers at Knockderk, Rathfooroge, and Kilteely. An 
Asbian ankaramitic volcanic center is located in the center of the Limerick Syncline at Knockseefin. 
Volcanic activity appears to have been longest lived on the eastern margin of the syncline (Strogen, 1977; 
1983). An east-northeast-trending volcanic lineament to the northwest of the Limerick Syncline contains 
volcanic centers at Shanagolden, Carrigogunnel, Limerick City and northeast of Annacotty (Figure 5.1).  
 The volcanic centers comprise vents that contain explosive breccia pipes and diatremes as well as 
numerous dikes and sills in addition to lava flows. Volcanic activity began with explosive Surtseyan-type 
eruptions that produced laterally extensive vitric and volcaniclastic tuffs. These deposits are overlain by 
subaerial alkali basalt lavas from Hawaiian- or Strombolian-style eruptions (Strogen, 1983). Extrusion of 
igneous rocks appears to have kept pace with basin subsidence at most volcanic centers leading to mixed 
submarine and subaerial volcanism (Strogen, 1988). Argillaceous crinoidal packstones and wackestones 
of the Lough Gur Formation interbedded with volcanic rocks of the Knockroe volcanic unit indicate 
periods of volcanic quiescence. Knockroe volcanism ceased in the Late Arundian and was followed by 
the deposition of the shallow water marine carbonates of the Herbertstown Limestone Formation.  
 Renewed volcanic activity in the eastern portion of the syncline during the early Asbian resulted 
in the eruption of primitive ankaramitic and limburgitic flows and tuffs of the Knockseefin Volcanic Unit 
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(Strogen, 1983). This igneous event included intrusion of hundreds of east-west trending ankaramite dikes 
along the eastern margin of the Limerick Syncline extending to the Gortdrum Cu-Hg mine (Steed, 1986). 
A return to shallow marine conditions after the Knockseefin volcanic event resulted in deposition of the 
Dromkeen Limestone Formation.  
The Limerick Syncline is bound by major faults on its north and south limbs (Strogen, 1977). 
Subsidiary east-northeast-trending normal faults have been identified in the Pallas Green license block 
east of Stonepark (Tyler, 2007). The east-northeast-trending faults are offset by multiple north-northwest-
trending normal faults with dextral offsets. Intrusive rocks are offset along the north-northwest-trending 
faults indicating the faults pre-date Variscan deformation. These faults are concave along strike towards 
the dip direction suggesting that they may be listric normal faults (Strogen, 1983). Mineralized zones in 
the Limerick Syncline appear to be related to intersections of these two fault systems (Tyler, 2007). 
Variscan compression during the Upper Carboniferous resulted in inversion of the Limerick basin 
and formation of the Limerick Syncline. The Limerick Syncline is approximately 25 km long and 15 km 
wide; bedding on the north and south limbs of the syncline dip approximately 30° towards the syncline 
axis. The maximum depth of the base of the Waulsortian Limestone in the middle of the syncline is 
estimated to be approximately 1200 – 1300 m (Redmond et al., 2009). The Limerick Syncline contains a 
series of east-west-trending en echelon folds (Strogen, 1983). Several of these fold axes are offset by 
north-northwest-trending faults that probably represent reactivated Courceyan or Viséan age normal 
faults. The wavelength and amplitude of the east-west-trending folds commonly change across these 
north-northwest-trending faults suggesting synchronous folding and strike-slip faulting (Strogen, 1983). 
 The Stonepark area is located on the northwest margin of the Limerick Syncline adjacent to the 
Tobermalug deposit (Figure 1.2). The Stonepark prospects comprise three mineralized zones designated 
Stonepark, Stonepark North, and Stonepark West. Mineralization was generally restricted to the 
Waulsortian Limestone, although significant Zn-Pb sulfides have been intersected in the Argillaceous 
Bioclastic Limestone unit along what is interpreted to be a feeder fault for hydrothermal mineralizing 
fluids at Stonepark (drill hole TC-2638-008). The Stonepark area is cut by several north-northwest-
trending, west-dipping normal faults that appear to be extensions of the Boughilbreaga and Rochestown 
faults. The trace of these faults in the Stonepark area is based on displacements in the base of the 
Waulsortian Limestone in drill core and lineaments observed in gravity and magnetic geophysical surveys 
(Appendix H). The amount of normal displacement along these faults ranges from 30 – 55 m; original 





Figure 5.1: Geologic map of the Limerick Syncline and Shannon Estuary showing the locations of igneous centers. Modified after the Geological 





STONEPARK IGNEOUS ROCKS 
The thickness of dikes and sills of the Knockroe Volcanic Unit intersected by drilling in the 
Stonepark area is highly variable (Figure 6.1). The Boughilbreaga volcanic center at Stonepark consists of 
a cluster of volcanic vents and diatremes in drill holes TC-2638-019, TC-2638-023, and TC-2638-028 
and in several historic drill holes to the south-southeast of drill hole TC-2638-019 along the trace of a 
northwest trending fault (Figure 6.2) with radiating dikes and sills. This volcanic center marks the 
intersection of the east-west-trending volcanic lineament on the northern flank of the Limerick Syncline 
with a series of north-northwest-trending normal faults. Strogen (1983) mapped two east-northeast-
trending dikes to the west and southwest of Boughilbreaga near the Stonepark Township. Teck geologists 
have identified three principal trends of dikes from five oriented drill holes at the Stonepark prospect: 
southwest (35° toward 238°), northeast (45° towards 025°), and northwest (34° toward 326°). It appears 
that the orientation of dikes and diatremes was controlled by both the east-west-trending volcanic 
lineaments and north-northwest-trending normal faults. Volcanic centers formed at the intersection of 
these two structural trends.  
 Although oriented drill core was not available at Stonepark North, correlation between drill holes 
suggests that alkali basalt dikes are concentrated on the east and west margins of the prospect area and 
were emplaced along two north-south-trending, west-dipping normal faults (Figure 6.3). Diatreme 
breccias (in drill holes TC-2638-047 and TC-2638-077) are located adjacent to a north-trending normal 
fault on the eastern margin of the prospect.  
 
6.1 Alkali Basalt Intrusions 
The Stonepark area contains a number of steeply dipping dark colored dikes and lesser sills. 
These intrusions may be either aphanitic or plagioclase phyric. The plagioclase phyric intrusive rocks 
commonly contain approximately 40% plagioclase laths (<0.5 mm) (Figure 6.4). In an exhaustive study 
of the petrography of the Knockroe volcanic rocks, Strogen (1983) found that the early dikes where least 
altered contained both olivine and clinopyroxene phenocrysts in addition to plagioclase and commonly 
contained minor potassium feldspar in the groundmass. He classified the rocks as alkali basalts.  
Plagioclase phenocrysts are generally altered to a mixture of calcite-chlorite-(quartz) and less 
commonly “sericite” and epidote (Strogen, 1983). Olivine is invariably altered to chlorite sometimes with 
calcite and hematite. Clinopyroxene phenocrysts are commonly preserved to some degree even in highly 






Figure 6.1: Bedrock geological map of the Stonepark prospect area showing the total thickness of igneous 




Figure 6.2: Bedrock geological map of the Stonepark prospect showing the location of the Boughilbreaga 
volcanic center, the extent of diatremes, and the approximate trace of alkali basalt and trachy andesite 




Figure 6.3: Bedrock geologic map of the Stonepark North prospect showing the location of diatremes and 





The groundmass of these rocks now generally consists of a very fine-grained mixture of calcite, 
chlorite, albite, sericite, sphene, and hematite (Strogen, 1983). No work was done on this study to 
investigate clays within the altered igneous rocks.  
Whole rock and trace element geochemical analyses of the rocks were undertaken (Appendix B, 
C). Given the obvious alteration of the rocks, trace elements thought to be relatively immobile during 
alteration (Nb, Ti, Ze, Y) were utilized in an attempt to determine original igneous compositions 
(Winchester-Floyd, 1977). The samples plot within the alkali basalt field (Figure 6.6).  
 
 
Figure 6.4: Photograph of a plagioclase phyric alkali basalt dike composed of pale-green plagioclase laths 
~0.5 mm in size. The plagioclase laths stand out against the darker green alkali basalt matrix due to 
differing degrees of alteration. (TC-2638-049; 342 m.) 
 
 
Figure 6.5: Photograph of aphyric alkali basalt dike which has a dark-black core bounded on the top and 




Figure 6.6: Classification of igneous rocks from the Stonepark area derived from trace element 
geochemical analyses (Appendix B). The majority of the early mafic igneous rocks display obvious 
hydrothermal alteration. However, the average composition corresponds to alkali basalt which agrees with 
the work of Strogen (1983). The later, less altered intrusive rocks plot near the trachy andesite-alkali 
basalt-basanite nephlinite join. The volcanic rock classification is from Winchester-Floyd (1977). 
 
 The margins of many alkali basalt intrusions contain amygdules formed either from magma 
degassing or from steam generated through interaction of the magma with wallrock connate water. 
Vesiculation was greatest near the intrusive margins, where up to 85% of the rock may be composed of 
densely packed amygdules less than 0.5 to 2 mm in diameter. Vesicles decrease in density and increase in 
size (up to 2 cm) towards the center of the intrusions. The cores of many intrusions are non-vesicular. 
Although non-vesicular alkali basalt intrusive rocks may occur at roughly the same depth as vesicular 
alkali basalt intrusive rocks, there appears to be a general trend to a more vesicular texture higher in the 
Waulsortian Limestone. Many alkali basalt intrusions contain multiple igneous units of similar 
composition that can be distinguished from one and other by sharp changes in the size and distribution of 
vesicles (Figure 6.7). Elongate vesicles indicative of flow banding occur near the margins of some thin 
dikes and sills. The amygdules are most commonly filled with dark green chlorite and calcite. Strogen 





Figure 6.7: Photograph of the contact between two alkali basalt dikes that are differentiated based on 
vesicle density and size as well as the degree of alteration. The older intrusion (left) contains ~5 mm 
diameter vesicles filled with chlorite and calcite that are truncated by the younger intrusion (right) with 
smaller (<2 mm diameter), more densely packed vesicles. (TC-2638-040; 230 m.) 
 
6.2 Alkali Basalt Breccias 
 Alkali basalt peperite breccias (Busby-Spera and White, 1987; McPhie et al., 1993) in the 
Stonepark area occur along the contact between intrusions and the Waulsortian wallrock and were 
produced by the interaction of hot magma with connate water in the Waulsortian Limestone sequence. 
Peperite is a textural term used to describe an igneous breccia with elongate fluidized clasts formed from 
rapid injection into an open cavity or wet sediment. Stonepark area peperites contain a mixture of variably 
shaped alkali basalt and angular Waulsortian Limestone clasts. The breccias become progressively more 
alkali basalt-rich with proximity to an intrusion. Alkali basalt clasts range in size from <0.5 to 5 cm and 
are commonly elongate in the direction of magma flow (Figure 6.8). Some alkali basalt clasts were ductile 
during peperite formation and have a wispy fluidal to globular texture with ragged and splintery margins 
(Figure 6.9, Figure 6.10). Alkali basalt clasts were locally injected into brecciated Waulsortian Limestone 
and formed a polymictic igneous matrix breccia. Waulsortian Limestone clasts in peperite breccias range 
in size from <0.5 to >15 cm and can be either angular or rounded. Production of acid by the interaction of 
volcanic gas with connate water may have contributed to dissolution and brecciation of the Waulsortian 
Limestone as well as argillic alteration of alkali basalt.  
Clasts within the peperite breccias may be either blocky and angular with a jigsaw-fit texture or 
globular (fluidal) with lensoidal, bulbous, or lobate shapes. Peperites with blocky clasts probably formed 
from rapid phreatomagmatic fragmentation of quenched magma followed by steam driven dispersal of 
clasts (Busby-Spera and White, 1987; Skillig et al., 2002). Peperites with globular clasts were likely 
derived from the interaction of magma with hot pore water or steam that insulated the magma from 





Figure 6.8: Photograph of a peperite breccia composed of globular and elongate fluidized-alkali basalt 
clasts that surround angular Waulsortian limestone clasts. (TC-2638-057; 315 m.)  
 
 
Figure 6.9: Photograph of fine-grained peperite breccia composed of fluidized and elongate alkali basalt 
clasts and small fragments of limestone wallrock. (TC-2638-057; 300 m.) 
 
Figure 6.10: Photograph of a fluidized alkali basalt peperite breccia composed of elongate wispy alkali 
basalt clasts in a fine-grained alkali basalt matrix. The breccia also contains abundant disseminated pyrite. 
(TC-2638-057; 316 m.)  
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Peperite breccia grades in to a hyaloclastite textured breccia towards more intact intrusive rocks 
in the Stonepark area. Hyaloclastite breccias are monomictic and contain both vesicular and non-vesicular 
alkali basalt clasts ranging in size from <1 to >15 cm in diameter (estimation of maximum clast size 
constrained by the width of the drill core) in an alkali basalt matrix. The breccias are generally clast 
supported and display jigsaw fit patterns which grade into more loosely packed rubble textures with 
rotated clasts. Clasts may be either rounded with slightly curve-planar to cuspate margins or angular and 
splintery (Figure 6.11); some clasts display a concentric texture probably indicative of rapid quenching. 
The matrix of the hyaloclastic breccias is composed of clay altered igneous material.  
Hyaloclastic breccias formed through the interaction of molten alkali basalt with water-saturated 
wallrock. Upon contact with the wallrock, the outer surface of the intrusions rapidly quenched and locally 
formed contraction fractures. As the molten interior of the intrusions continued to flow, the fractured 
surface disarticulated into blocky clasts, some with glassy chilled margins (McPhie et al., 1993).  
 
 
Figure 6.11: Monomictic hyaloclastite breccia composed of non-vesicular and vesicular alkali basalt 
clasts set in a fine-grained clay-rich igneous matrix. (TC-2638-050; 198 m.)  
 
6.3 Diatremes and Vent Breccias 
Diatremes are present along north-northwest-trending normal faults at the Boughilbreaga volcanic 
center at the Stonepark prospect (drill holes TC-2638-019 and TC-2638-023; Figure 6.3) and the 
Stonepark North prospect (drill holes TC-2638-047 and TC-2638-077; Figure 6.4). The diatremes appear 
to have complex geometries. Vertical drill hole TC-2638-028 southwest of the Stonepark prospect 
intersected four zones of diatreme breccia (0 – 133 m, 323 – 343 m, 427 – 451 m and from 469 m to the 
base of the hole at 524 m) that probably represent sill-like masses of diatreme breccia that extend laterally 
outward from a central vent (Figure 6.12). The diatremes contain both bedded and unbedded facies. 
Bedded facies occur near the tops of the diatremes and consist of graded beds of lapilli-size igneous 
material, generally less than 3 cm in diameter, in a matrix of clay- and carbonate-rich material. The 
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bedded facies also contains variable amounts of exotic quartz grains and minor lithic clasts. The bedded 
facies grades downward into an unbedded breccia facies consisting of 70% igneous clasts and 30% lithic 
clasts in a matrix of mixed quenched igneous material, fine-grained rock flour derived from milling of 
wallrock lithologies, and carbonate (commonly dolomite) and sparse quartz grains (Figures 6.13, Figure 
6.14, Figure 6.15).  
 
 
Figure 6.12: Schematic diagram of an idealized maar-diatreme volcano modified after Lorenz (2003). The 
diatreme is fed by a feeder dike at depth which upon interaction with connate water creates a 
hydromagmatic steam explosion in the root zone. The diatreme grows from the near surface downward 
due to sequential eruptions from the infiltration of water to lower depths through the igneous breccia. 
Growth of the diatreme causes the near surface horizontal bedded diatreme facies to slump and dip 
towards the feeder vent. 
 
Diatreme breccias contain a heterogeneous collection of clasts. Lithic clasts range in size from <1 
to >15 cm in diameter (estimates of maximum clast size is constrained by the width of drill core); clast 
size generally increases with depth. Lithic clasts in the breccias consist predominantly of rounded to 
angular Waulsortian Limestone with lesser, generally rounded clasts of Argillaceous Bioclastic 
Limestone, Lower Limestone Shale, and Old Red Sandstone. Basement clasts are relatively rare; drill 
hole TC-2638-019 contained a peridotitic mantle xenolith. The abundance and size of Waulsortian 
Limestone clasts is greatest in diatreme breccia intervals believed to be proximal to explosive root zones 
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(Figure 6.12). Waulsortian Limestone clasts in these zones are more angular than clasts higher in section 
due to lower degrees of vent milling (Figure 6.16). Igneous clasts are sub-angular to angular, range in size 
from less than 1 cm to over 15 cm in diameter, and often display curvy-planar to cuspate margins with 
splintery edges similar to clasts in the hyaloclastite breccias. Igneous clasts display a range of colors 
(grey, green, red, and tan) reflecting both different magma compositions and varying degrees of 
hydrothermal alteration. Angular to rounded clasts of bedded facies diatreme material are common within 
underlying unbedded diatreme facies breccia.  
 
 
Figure 6.13: Unbedded diatreme facies containing large (>15 cm) clasts of brecciated bedded diatreme 
facies rock (middle) intermixed with smaller (<15 cm) angular igneous clasts (TC-2638-047, 68 m. 
Downhole direction is to the right). 
 
 
Figure 6.14: Unbedded diatreme facies rocks that contain angular clasts of igneous rock, rounded dark-
black colored clasts of Argillaceous Bioclastic Limestone or Lower Limestone Shale, and clasts of 
brecciated bedded diatreme facies rock. The bedded diatreme facies clast in the bottom of the image 




Diatreme breccias in the Stonepark area are variably altered, with diatreme margins generally 
displaying more alteration than the centers of diatremes. Igneous material in the diatremes has commonly 
been converted to a mixture of carbonate minerals, usually dolomite, and clays; no work was undertaken 
to differentiate different clay species present. Limestone within the diatremes is generally unaltered 
though Waulsortian Limestone adjacent to the deepest portions of the diatremes intersected to date 
contains <0.5 to ~10 cm wide, steeply dipping (>75°) veins of ferroan calcite and minor non-ferroan 
dolomite (Figure 6.17, 6.18). 
 
   
Figure 6.15: Photograph of detrital quartz grains surrounded by sericite in the pervasively dolomitized 
matrix of an alkali basalt diatreme. Images are shown in plane polarized, cross polarized, and cross 




Figure 6.16: Alkali basalt diatreme breccia with clasts of sub-angular Waulsortian Limestone, dark-black 
clasts of rounded Argillaceous Bioclastic Limestone or Lower Limestone Shale, and angular to rounded 






Figure 6.17: Crosscutting ferroan calcite veins related to diatreme root zone explosive brecciation and 




Figure 6.18: Crosscutting ferroan calcite veins related to diatreme root zone explosive brecciation and 
fracturing of wallrock. The veins in the bottom half of the photo are stained blue by alizarin red-s and 
potassium ferricyanide, reflecting ferroan calcite. (TC-2638-047; 330 m.) 
 
6.4 Trachy Andesite Intrusions 
 The alkali basalt dikes and sills as well as the diatreme breccias are cut by paler green trachy 
andesite intrusions that generally display a slight lustrous sheen. These igneous rocks are commonly more 
dense, less vesicular, harder to scratch, and less likely to deteriorate while in the core box than the alkali 
basalt intrusive rocks. These later igneous rocks are concentrated on the north and east margins of the 
prospect and appear to be concentrated adjacent to fault zones and diatremes.  
The relative lack of vesicles may reflect a less gas-rich magma, a deeper level of emplacement, or 
dehydration of the Waulsortian wallrock prior to these intrusions. Peperite and hyaloclastite breccias are 
not developed on the margins of these dikes also suggesting that the Waulsortian was lithified and 
dehydrated at the time they were emplaced.  
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Both aphanitic and feldspar-phyric rocks of this occur in the Stonepark area though porphyritic 
rocks are most common. Plagioclase phenocrysts commonly display a Carlsbad habit and up to several 
millimeters long (Strogen, 1983). Potassium feldspar phenocrysts are stubby rectangular crystals that 
range in size from 2 – 10 mm in length. The majority of these rocks contain 2 – 3% phenocrysts (Figure 
6.19); late dikes that cut the diatreme in drill hole TC-2638-077 contain between 35 – 45% phenocrysts 
(Figure 6.20). No ferromagnesian phenocrysts have been recognized in this rock type (Strogen, 1983) 
though clots of chlorite sometimes with iron and titanium oxides are occasionally present and may 
represent the altered remains of such phenocrysts. The groundmass consists largely of potassium feldspar 
with trace interstitial quartz together with chlorite and carbonate minerals. The groundmass is commonly 
pinkish, due to minor disseminated secondary hematite. 
Trachy andesite dikes generally have well defined flow banding and phenocryst alignment along 
their long axis. Porphyritic trachy andesite intrusions generally have sharp, moderate to steeply dipping 
contacts with the diatreme breccia, but in places display irregular contacts where the intrusion flowed 
around diatreme breccia clasts.  
Whole rock and trace element geochemical analyses of these late sill and dike rocks were 
undertaken (Appendix B, C). Given the ubiquitous alteration of the rocks, trace elements thought to be 
relatively immobile during alteration (Nb, Ti, Ze, Y) were utilized in an attempt to determine original 
igneous compositions (Winchester-Floyd, 1977). The samples plot along the join between the alkali 
basalt-trachy andesite-basanite fields (Figure 6.6). Strogen (1983) on the basis of extensive petrography 
and geochemistry believed these rocks were trachytes; they are designated trachy andesites in this study. 
 
 
Figure 6.19: Altered trachy andesite dike composed of 0.5cm plagioclase and potassium feldspar 
phenocrysts set in a pale-green igneous matrix. (TC-2638-078; 216 m.) 
 
 
Figure 6.20: Photograph of the strongly feldspar phyric (plagioclase and potassium feldspar) trachy 
andesite dike that cross cuts a diatreme breccia. (TC-2638-077; 133 m.) 
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6.5 Intrusion-Waulsortian Contacts 
Igneous intrusions display both sharp and irregular wallrock contacts with the Waulsortian 
Limestone. Intrusions with sharp wallrock contacts are generally steeply dipping (45° – 85°) and 
frequently display slickenlines that plunge in the same direction as the contact (Figure 6.21). The 
slickenlines must have formed by post-intrusive normal movement along the intrusive margins. 
Waulsortian Limestone adjacent to intrusions is generally unaltered, reflecting rapid cooling. The margins 
of many intrusions frequently contain veins and semi-massive pods of pyrite that can extend several 
meters into the adjacent limestone along dissolution seems and breccias (Figure 6.22).  
Intrusions in the Stonepark area frequently exploited dissolution seams, stylolites, or fractures in 
the Waulsortian Limestone. Wispy flow-banded igneous dikes and sills can be less than 5 cm in width 
(Figure 6.23). Such thin intrusions may contain elongate vesicles with their long axes oriented parallel to 
the flow direction. Some contacts between the igneous rocks and wallrock limestone have cuspate shapes 
suggestive of wallrock dissolution (Figure 6.24). 
 
 
Figure 6.21: Photo of slickenlines on the interior of an alkali basalt dike formed from post emplacement 
normal movement. (TC-2638-078; 215 m.) 
 
 
Figure 6.22: Photograph of a semi massive pyrite pod and pyritic breccia located between two alkali 




Figure 6.23: Photograph of an irregular alkali basalt intrusive contact with the Waulsortian wallrock. (TC-
2638-055; 181 m.)  
 
 
Figure 6.24: Irregular alkali basalt intrusion-Waulsortian contact that appears to have dissolved the 
adjacent Waulsortian wallrock during emplacement forming cuspate contacts. Alternatively, the alkali 
basalt may have exploited a pre-existing stylolite. (TC-2638-049; 130 m.)  
 
6.6 Alteration of Stonepark Igneous Rocks 
 All of the igneous rocks in the Stonepark prospect area have been hydrothermally altered to some 
degree. The style and degree of hydrothermal alteration differs between alkali basalt and trachy andesite 
igneous rocks. The alkali basalt intrusive rocks have primarily been converted to mixtures of chlorite, 
clay, and calcite. The trachy andesite rocks have an alteration assemblage consisting of potassium 
feldspar and white mica.  
 
6.6.1 Alteration of Alkali Basalt 
 Alkali basalt intrusions in the Stonepark area were observed to be altered to mixtures of chlorite, 
calcite, sericite (illite), phengite, and smectite (Appendix D). Strogen (1983) in a more complete study 
recognized minor albite, epidote, sphene, pumpellyite, and prehnite in alteration assemblages. Alteration 
was generally most intense at the margins of intrusive bodies. Alteration intensity also appears to increase 
with depth. The most altered dikes and sills occur in the lower half of the Waulsortian Limestone, 
especially in proximity to zones that underwent hydrothermal alteration and mineralization of the 
Waulsortian Limestone. With progressive alteration there is a change in color of the alkali basalt rocks 
from dark-black to lighter shades of green to pale-tan to grey. Pervasively altered intrusions are soft, easy 
to scratch, and quickly deteriorate in the core box due to the presence of swelling clays.  
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The alkali basalts are frequently cross cut by calcite veins with dark-green selvages composed of 
fine-grained (<5 to 100 µm) euhedral disseminated pyrite (Figure 6.25). Texturally similar pyrite is also 
present as disseminated grains within highly altered alkali basalt composition rocks. Vesicles in altered 
intrusions commonly contain a thin rim of calcite ± quartz ± pyrite with interiors of calcite ± sericite 
(Figure 6.26).  
 
 
Figure 6.25: Argillically and carbonate altered alkali basalt cross cut by calcite veins with dark-green 
pyrite selvages. (TC-2638-045; 97 m.) 
 
A.  B.  
C.  D.  
Figure 6.26: Microphotograph of an amygdule lined by a thin rim of fine-grained calcite and quartz, and 
filled with coarser-grained calcite. The images are shown at 50x magnification in A) Plane polarized 
light, B) Cross-polarized light, C) Cross-polarized light with gypsum plate, and D) Reflected light. (TC-
2638-045; 101 m.) 
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6.6.2 Trachy Andesite Alteration 
 Trachy andesite intrusive rocks in the Stonepark area cut both alkali basalt intrusions and 
hydrothermally altered carbonate wall rocks. They are generally less altered than the alkali basalts. 
Altered trachy andesites are medium to pale green to occasionally pinkish in color. Infrared spectroscopic 
analysis revealed that they contain phengite but lack smectite (Appendix D). Samples of trachy andesites 
stained with sodium cobaltinitrite indicate that the margins of some dikes contain are enriched in 
potassium. The whole rock geochemical composition of samples across a potassically altered trachy 
andesite dike shows that less altered igneous material from the dike center contains ~4 wt. % potassium 
and 3 wt. % sodium while clearly altered material on the edge of the dike contains ~10 wt. % potassium 










































 Breccias are common in virtually every Irish Zn-Pb deposit and are often spatially and genetically 
related to sulfide mineralization (Hitzman and Beaty, 1996) though the means of breccia formation 
remain contentious (Wilkinson, 2003). Detailed core logging combined with petrography was utilized to 
subdivide the breccias in the Stonepark area (Table 7.1). The diatreme breccias and hyaloclastic and 
peperite breccias adjacent to dikes and sills in the Stonepark area are clearly related to igneous activity. 
Hydrothermal breccias (black matrix breccia and white matrix breccia) are also present at Stonepark and 
are similar to those described at a number of other Waulsortian-hosted Zn-Pb deposits (Andrew, 1986; 
Doyle et al., 1992; Hitzman and Beaty, 1996; Redmond, 1997; Hitzman et al., 2002; Fusciardi et al., 
2003; Wilkinson et al., 2005a). The Stonepark area also contains breccia types that have not been 
previously described from Ireland. These breccias, termed hybrid breccias, have megascopic similarities 
to hydrothermal breccias (black matrix breccia) and meteoric karst breccias but grade into clearly igneous 
breccias. 
 
7.1 Siliceous Lithic Breccia 
 Siliceous lithic breccia is the designation for a matrix supported breccia containing clasts of 
Waulsortian Limestone, Carboniferous lithologies from beneath the Waulsortian Limestone, Old Red 
Sandstone, basement rocks, and alkali basalt igneous rocks (generally highly altered) in a dark green to 
dark grey matrix of quartz, carbonate, and clay (Figure 7.1). This breccia type is found primarily adjacent 
to the western fault zone at the Stonepark North prospect, the same structure that localized alkali basalt 
intrusive activity. The breccia occurs throughout the lower 50 m of the Waulsortian Limestone but is most 
common near the base of the unit. It appears to form stratiform sheets, particularly adjacent to and locally 
cutting a highly altered alkali basalt sill to the east of the western fault, and high angle veins. Most drill 
intersections of this breccia are less than 3 m thick with the thickest intersection to date being 
approximately 6 m. 
 The distinctive dark green-grey matrix of the breccia consists of quartz (up to 40 volume %), 
clays (45 to 30 volume %), carbonate minerals (15 volume %), and muscovite (5 volume %) with trace 
amounts of tourmaline, zircon, and garnet. A sample of the matrix of this breccia type contained 0.08 wt. 
% total organic carbon (Appendix E-1). The clays in the matrix are similar to that in autobrecciated and 
altered material in the matrix of alkali basalt breccias. Carbonate in the matrix consists of both grains 
(dominantly calcite) and cement (ferroan dolomite and calcite). The calcite grains were undoubtedly 
derived from Carboniferous carbonate rocks while the dolomite cement was probably formed by 






Figure 7.1: A. Siliceous lithic breccia containing clasts of Waulsortian Limestone, Carboniferous 
lithologies from beneath the Waulsortian Limestone, Old Red Sandstone, and basement rocks with lesser 
subrounded to angular alkali basalt clasts in a dark-green siliceous matrix composed of detrital quartz, 
carbonate, and clay. B. Close up of the edge of a large clast of Waulsortian Limestone displaying a 
scalloped margin. (TC-2638-050; 326m.)  
 
The amount of quartz in the matrix of the siliceous lithic breccia differentiates it from other 
igneous and hydrothermal breccias. While diatreme breccias may contain minor quartz grains, apparently 
derived from disarticulation of both Old Red Sandstone and basement clasts, the amount of quartz in 
diatreme breccias rarely exceeds several volume percent. In contrast, the matrix of the siliceous lithic 
breccia commonly contains in excess of 25% quartz and in some instances may contain up to 40% quartz. 
Most of the quartz occurs as grains ranging in size from <10 µm to >1.5 mm in diameter. The majority 
(~70%) of the quartz grains are subrounded to subangular and the vast majority of these quartz grains 
display undulose extinction and many (~65%) contain trains of fluid inclusions (Figure 7.2). A number of 
the grains display authigenic quartz rims many of which are truncated along grain edges indicating that 
authigenic quartz growth occurred prior to incorporation of the quartz grains in the breccia. Matrix quartz 
grains also include polygonal to irregularly sutured quartz and a relatively few grains (<10%) of chert.  
52 
 
Table 7-1: Stonepark Breccia Types 
 Igneous breccias (diatreme, 
hyaloclastite, peperite) 
Hybrid breccias (siliceous 
lithic breccia, igneous 
dissolution breccia) 
Hydrothermal breccia 
(black matrix breccia, 
white matrix breccia) 
Meteoric karst breccia 
Relationship to igneous 
activity and relative timing 
Igneous (Chadian) Igneous-related (Chadian) Non-igneous; 





Not associated with 
dolomitization 
May have minor 
dolomitization 
Formed by hydrothermal 
dolomitization 
None 
Dissolution of wallrocks May cause some dissolution 
of surrounding carbonate 
rocks 
Generally significant 
dissolution of surrounding 
country rocks 
Dominantly in-situ 
replacement of sedimentary 
limestone by dolostone 
Dissolution of wallrocks by 
meteoric fluids responsible 
for breccia formation 
Presence of bedded or 
geopetal sediments in 
breccia 
May contain layered 
(bedded) facies 
Geopetal sediments common 
in some dissolution cavities 
Geopetal sediments present 
but relatively uncommon 
Geopetal sediments 
commonly present 
Matrix mineralogy Igneous material, altered 
igneous material (clay); 
minor calcite. 
Altered igneous material 
(clay), argillaceous material 
(insoluble residue), 
carbonaceous material 
(insoluble residue), quartz 
grains (dominantly from 
ORS), calcite. 
Dolomite, minor argillaceous 
material (insoluble residue) 
Non-ferroan calcite, 
insoluble residue, travertine 
(speleothems), carbonate 
rock flour 
Clast lithologies Dominantly igneous (alkali 
basalt and altered alkali 
basalt) with locally abundant 
wallrock (Waulsortian), 
exotic lithics (ABL, Lower 
Lms Shale, ORS, basement) 
in diatremes 
Igneous (alkali basalt and 
altered alkali basalt) with 
locally abundant wallrock 
(Waulsortian) and exotic 
lithic clasts from lower in 
section (ABL, Lower Lms 
Shale, ORS, basement) in 
siliceous lithic breccia 
Dolomitized wallrock Immediately adjacent 
wallrocks, and lithologies 
from higher in section 
Presence of quartz May contain exotic quartz 
(diatremes) 
Contain variable amounts 
(up to ~40%) of exotic 
quartz 
Generally not present Generally not present 
Formation Associated with igneous 
intrusion and interaction of 
magma with water in 
carbonate wallrocks. Minor 
dissolution brecciation and 
collapse of carbonate 
wallrocks. 
Associated with igneous 
intrusion and interaction of 
magma with water in 
carbonate wallrocks. 
Extensive dissolution and 
collapse of carbonate 
wallrocks (dissolution 
breccia). 
Formed by interaction of 
hydrothermal fluids 
(dominantly basinal?) with 
limestone and dolomitized 
limestone host rocks. 
Derived from dissolution of 
limestone (dolomite to a 






These matrix quartz grains are petrographically similar to quartz grains observed in samples of 
the Old Red Sandstone from 15 km southwest of Stonepark. The matrix of the siliceous lithic breccia also 
contains minor amounts of clearly detrital grains (tourmaline, zircon, and garnet) and coarse muscovite 
flakes, probably derived from disarticulation of basement schist and gneiss clasts. 
 The siliceous lithic breccia contains a diverse suite of clasts, most of which display subrounded 
shapes (Figure 7.3). The clasts are unoriented except in some thin siliceous lithic breccia veins. Clast size 
and abundance is generally greatest in breccia intervals near the base of the Waulsortian Limestone. 
While Waulsortian Limestone clasts are common, they do not dominate the clast population as in most 
other breccia types. Pervasively dolomitized Waulsortian Limestone clasts are not present. The breccia 
contains relatively abundant argillaceous carbonate clasts derived from the Argillaceous Bioclastic 
Limestone and probably the Lower Limestone Shale. The breccia also contains clasts of sandstone and 
siltstone derived from the Old Red Sandstone as well as rare basement schist clasts. Alkali basalt clasts 
are relatively rare.  
 The clast and grain population within the matrix indicates that the siliceous lithic breccia was 
derived largely from disarticulation of sedimentary lithic clasts from beneath the Waulsortian Limestone 
together with clay derived from alteration of alkali basalt. This suggests the breccia was injected upwards 
into the Waulsortian Limestone during alkali basalt igneous activity. The siliceous lithic breccia has been 
observed to both cut and be cut by alkali basalt dikes and sills. Contacts of the siliceous lithic matrix 
breccia with adjacent Waulsortian Limestone wallrock commonly display scalloped edges suggesting 
limestone dissolution. Some contacts, as well as limestone clasts, may display a thin rind of ferroan 
dolomite indicating weak dolomitization accompanied breccia formation. These relationships suggest that 
the siliceous lithic breccia is essentially a type of alkali basalt diatreme. It probably formed as a mixture 
of clasts, grains, and clay in a water- and or carbon dioxide-dominated fluid. Weak dolomitization and 
dissolution of carbonate wallrocks adjacent to these breccia bodies suggests the fluidized mixture was 
heated and had a slightly acid pH.  
  
A.  B.  C.  
Figure 7.2: Siliceous lithic breccia. (A) Plutonic quartz grains that displays undulatory extinction and 
contains crosscutting fluid inclusion tracks. (TC-2638-50; 325.7 m). (B) Plutonic quartz grains with fluid 
inclusion tracks (TC-2638-074; 293.9 m). (C) Subhedral detrital quartz grain with authigenic quartz 
overgrowths that encapsulate a small (60 µm) detrital tourmaline grain near the bottom of image. (TC-




A.  B.  C.  
Figure 7.3: Siliceous lithic breccia. (A) Micaceous sandstone lithic clast composed of angular detrital 
quartz grains and minor muscovite in a fine-grained sericite and carbonate matrix. Clast is surrounded by 
larger grains (~250 µm) of detrital quartz within the siliceous lithic breccia matrix. (TC-2638-050; 325.7 
m. Plane polarized light at 20x magnification.) (B) Carbonate clast composed of fine-grained planer 
dolomite and is crosscut by stylolites filled with siliceous (chert) cement. (TC-2638-050; 325.7 m. Cross 
polarized light at 20x magnification.) (C) Argillaceous clast composed of fine-grained mica with 
argillaceous-bituminous material, and is crosscut by a carbonate vein and by a later chert vein. (TC-2638-
055 at 305.1 m. Cross polarized light at 10x magnification.) 
 
7.2 Igneous Dissolution Breccias 
 Igneous dissolution breccias overlie siliceous lithic breccias. They are composed of 
undolomitized clasts of Waulsortian wallrock in a dark-black to grey-colored argillaceous and carbonate 
matrix that also contains quartz grains similar to those present in the hybrid breccias (Figure 7.4). Igneous 
dissolution breccias can reach thicknesses in excess of 250 m. The breccias are locally capped by alkali 
basalt intrusions. They are cut by alkali basalt dikes that commonly display peperite textures along their 
contacts. Later trachy andesite intrusions also cut igneous dissolution breccias and display sharp contacts 
with the breccia suggesting the breccias were lithified and dehydrated at the time of trachy andesite 
volcanism.  
 Clasts in the igneous dissolution breccias are primarily undolomitized Waulsortian Limestone, 
which frequently displays well-preserved stromatactis textures. Waulsortian Limestone clasts range in 
size from <0.5 to >10 cm in diameter. The clasts are angular to subrounded with sharp cuspate and 
scalloped margins suggesting limestone dissolution.  
Igneous dissolution breccias show a pronounced zoning. The base of these breccia bodies is 
commonly matrix supported and contains only Waulsortian Limestone clasts greater than 2 cm in 
diameter. The breccias are progressively more clast supported and contain increasingly finer-grained 
clasts (<0.5 cm) moving upwards from the contact with the underlying siliceous breccia. The amount of 
quartz grains in the matrix of the igneous dissolution breccias decreases in abundance upwards.  
Near the base of igneous dissolution breccia bodies the breccia matrix frequently consists of dark 
colored, laminated internal sediments composed of graded beds of insoluble argillaceous and lesser 
bituminous material, small clasts of Waulsortian Limestone wallrock, and a variable percentage of quartz 
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grains cemented by calcite (Figure 7.5). The argillaceous material appears to represent a mixture of both 
insoluble clays from dissolution of the carbonate wallrocks and clay from altered alkali basalts. Though 
dark, the matrix sediment is not rich in carbonaceous material. Five samples of matrix-rich igneous 
dissolution breccia yielded a maximum total organic content value of 0.13 wt. % (Appendix E-1). Internal 
sediments range in thickness from several centimeters up to 1.75 meters; some intervals display 
crossbedding and low amplitude ripples (Figure 7.6). Clasts sometimes display deformation of underlying 
internal sediment beds indicating they formed as dropstones; the delicately scalloped edges on some clasts 
probably formed by limestone dissolution indicates they were not far transported (Figure 7.6). In places 
the matrix is replaced by massive pyrite, composed of densely packed framboids overgrown by coarser-
grained pyrite in a dark-black argillaceous-bituminous matrix.  
 
 
Figure 7.4: Clast supported igneous dissolution breccia. The matrix contains light grey to black-colored 
argillaceous-bituminous material and limestone rock flour debris <1 cm in diameter cemented by calcite. 
Clasts are composed of subangular Waulsortian limestone with preserved Waulsortian texture. (TC-2638-
055; 263 m.) 
 
A.  B.  
Figure 7.5: Internal sediment. (A) Laminated internal sediments that contain quartz-grains and calcite 
clasts that are normally graded into progressively finer-grained calcite grains topped by opaque solution 
detritus. (B) Quartz-rich band of internal sediments intermixed with calcite clasts. (TC-2638-055; 268.14 





Figure 7.6: Internal sediments from an igneous dissolution breccia. The sediments are composed of well-
laminated beds of normally graded limestone fragments, solution detritus, and detrital quartz grains. Note 
the clast of Waulsortian that deforms underlying laminated beds indicating it is a dropstone. (TC-2638-






































 Hydrothermal wallrock alteration in the Stonepark area is similar in style to other Irish-type Zn-
Pb deposits and primarily consisted of dolomitization of the Waulsortian Limestone. However, unlike 
other Waulsortian-hosted deposits where dolomitization was concentrated at the base of the Waulsortian 
Limestone, dolomitization in the Stonepark area rarely occurred at the base of the Waulsortian Limestone 
and was instead best developed at mid- to upper-Waulsortian levels. Dolomitization in the Stonepark area 
can be divided into an early event that formed non-ferroan dolomite, termed regional dolomite, followed 
by later event that produced generally ferroan dolomite that commonly displays a breccia texture, termed 
black matrix breccia or BMB. 
 
8.1 Regional Dolomite 
 Early non-ferroan dolomite at Stonepark, termed regional dolomite, is composed of fine-grained 
(<200 µm) grey colored, sucrosic planar-e and lesser planar-s type rhombs. Regional dolomite 
preferentially replaced the fine-grained micritic portion of the Waulsortian Limestone. Regionally 
dolomitized Waulsortian Limestone generally displays relict sedimentary textures (Figure 8.1). The 
regional dolomite has a turbid appearance in transmitted light from inclusions of organic matter and clay 
derived from the original Waulsortian Limestone micrite. Early-formed fine-grained grey dolomite was 
progressively recrystallized during regional dolomitization into coarser-grained (200 µm –1 mm) rhombs 
of nonferroan white planar dolomite (Figure 8.2). This later coarse white dolomite also lined or filled 
vugs and replaced coarser-grained marine cements in the Waulsortian Limestone. At Stonepark North, 
regional dolomite forms two tabular horizons, each roughly 50 m thick, at the middle and top of the 
Waulsortian Limestone. The regional dolomite also forms small discontinuous intervals of partially 
dolomitized wallrock throughout the upper half of the Waulsortian Limestone. Regional dolostone 
commonly display a vuggy texture suggesting that regional dolomitization resulted in an increase in the 
porosity and permeability relative to undolomitized Waulsortian Limestone.  
 
 
Figure 8.1: Regionally dolomitized Waulsortian Limestone. The regional dolomite has preserved original 
stromatactis sedimentary textures, but has also created some vuggy porosity. (TC-2638-032; 130 m.) 
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A.  B.  
Figure 8.2: (A and B) Regionally dolomitized Waulsortian composed of fine-grained (<100 µm) planer 
dolomite that replaced original micritic limestone. The planar dolomite is turbid due to inclusions of 
organic matter and clay from the original micrite. A vug within the Waulsortian contains coarser-grained 
(~250 µm) clear planer dolomite rhombs cemented by later massive dolomite cement. The images are 
shown in plane polarized and cross-polarized light at 20x magnification. (TC-2638-026; 250.40 m.) 
 
8.2 Hydrothermal Dolomite and Dolomite Matrix Breccias 
 Regional dolomite is cut and replaced by generally ferroan dolomite that is spatially associated 
with zones that underwent later sulfide mineralization. These ferroan dolomite zones may contain either 
of both fine-grained dark dolomite and coarser-grained white dolomite. Where each of these texturally 
distinct dolomite types dominate they form two visually distinct hydrothermal dolomite breccias referred 
to as black matrix breccia (BMB) and white matrix breccia (WMB). The hydrothermal dolomite and 
dolomite matrix breccias in the Stonepark prospect area are similar to the hydrothermal dolomite breccias 
described at other Irish-type Zn-Pb deposits (Andrew, 1986; Doyle et al., 1992; Hitzman and Beaty, 1996; 
Redmond, 1997; Lee and Wilkinson, 2002).  
Hydrothermal dolomitization and brecciation in the Stonepark area was best developed in the 
hanging wall of normal faults at roughly mid-Waulsortian levels. Hydrothermal dolomitization was most 
pervasive in regionally dolomitized wallrock and generally occurred along stratabound intervals. The 
largest known zone of hydrothermal dolomitization in the Stonepark area occurs at Stonepark North 
where an area 1 km long by 250 m wide underwent hydrothermal dolomitization. This zone occurs along 
the eastern fault zone and grades laterally outward into a stockwork of thin ferroan dolomite veinlets and 
dissolution seams. Zones of hydrothermal dolomitization in the Stonepark area are frequently underlain 
by thick sequences of igneous dissolution breccias. In places, hydrothermal ferroan dolomite overprints 
earlier igneous dissolution breccia. However, alkali basalt intrusions often cap intervals that underwent 
hydrothermal dolomitization indicating that some alkali basalt intrusions predated hydrothermal 




8.2.1 Black Matrix Breccia 
Black matrix breccia is typically composed of clasts of regionally dolomitized Waulsortian 
Limestone in a dark-grey to black colored ferroan dolomite matrix (Figure 8.3). The matrix dolomite is 
composed primarily of turbid 10 – 100 µm-sized planar-e dolomite crystals and minor fine-grained pyrite. 
Clasts are angular to subrounded and generally display diffuse edges suggesting in-situ replacement of the 
regionally dolomitized Waulsortian Limestones. This style of breccia grades laterally into a crackle 
breccia composed of thin (<1 - 5 mm) dark seams that create a pseudobreccia texture. The seams are 
filled with dark-grey to black ferroan dolomite and minor argillaceous material apparently derived from 
dissolution of regional dolomite.  
Black matrix breccia may also be polylithologic and contain clasts of regionally dolomitized 
Waulsortian Limestone as well as clasts of earlier generations of black matrix breccia, white matrix 
breccia, and minor amounts of undolomitized and/or partially dolomitized Waulsortian Limestone. The 
clasts are angular to rounded, poorly sorted, and range in size from microscopic to over 15 cm (estimates 
of maximum clast size is constrained by the size of drill core). Many clasts show textural evidence of 
rotation. The clasts commonly display relatively sharp edges with the surrounding matrix in contrast to 
the monolithologic black matrix breccia. The matrix of the polylithologic breccia type is composed 
primarily of turbid 10 – 100 µm-sized planar-e dolomite with minor iron sulfides and argillaceous and 
bituminous material (Figure 8.4). Polylithologic black matrix breccia has total organic content values 
ranging from 0.07 to 0.33 wt. % (Appendix E-1) indicating a minor amount of carbonaceous material is 
present in some of the breccias.  
Polylithologic black matrix breccia sometimes contains fine- to medium-grained laminated 
sediments within dissolution vugs and in open spaces between clasts. The laminated sediments are 
composed of fine-grained (10 - 100 µm) planer dolomite, argillaceous and bituminous solution detritus, 
and small clasts of regionally dolomitized wallrock. The sediments commonly display beds with reverse 
grading that have an argillaceous base and grade upwards to increasingly coarser-grained rhombs of 
dolomite. The size graded dolomite rhombs do not resemble a replacement texture. Redmond (1997) 
proposed that dolomite in similar graded beds within polylithologic black matrix breccia at the Lisheen 
deposit may have nucleated from a dolomite-saturated fluid in open spaces between clasts and settled 
through the fluid to form laminated sediments.  
Polylithologic black matrix breccia is sometimes visually similar to igneous dissolution breccia; 
both probably formed by dissolution of carbonate wall rocks. These two breccia types may be 
distinguished by the composition of the breccia matrix. Igneous dissolution breccia contains abundant 
clay together with a variable percentage of quartz grains and is commonly cemented by calcite. 
Polylithologic black matrix breccia contains minor amounts of argillaceous material and does not contain 
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quartz grains or calcite cement. Polylithologic black matrix breccia commonly has 10 to 20 percent 
intergranular porosity (Redmond, 1997; Hitzman et al., 2002), while igneous dissolution breccia is 
generally well cemented by clay and calcite.  
Monolithologic and polylithologic black matrix breccia in the Stonepark area appear to grade into 
one another. Crosscutting relationships suggest they are genetically related and that the monolithologic 
breccia generally, but not always, predated polylithologic breccia. Both styles are spatially associated 




Figure 8.3: Monolithologic black matrix breccia composed of regionally dolomitized clasts of grey 
colored Waulsortian set in a dark-grey to black colored mildly-ferroan matrix of hydrothermal dolomite. 
(TC-2638-099; 260 m.) 
 
A.  B.  
Figure 8.4: (A and B) Photomicrographs of the matrix of a polylithologic black matrix breccia. The 
matrix is composed of turbid planar dolomite ranging in size from 20 to 500 µm, disseminated pyrite, and 
argillaceous / bituminous material (opaque). (Stonepark North, TC-2638-026; 250.47 m. Images are 
shown in cross-polarized light at 10x (A) and 50x (B) magnification. 
 
8.2.2 White Matrix Breccia 
 White Matrix Breccia dominantly contains clasts of regionally dolomitized Waulsortian 
Limestone in a matrix of white nonferroan calcite or moderately ferroan dolomite that ranges in color 
from white to peach to pink and has a slight saddle habit. Occasionally white matrix breccia may contain 
clasts of unaltered Waulsortian Limestone and/or black matrix breccia. Clast margins can be sharp, but 
are predominantly diffuse. In some white matrix breccia intervals, clasts are lined with thin rims of pale-
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pink colored sphalerite, which may then be truncated or re-brecciated by later veins of white ferroan 
dolomite or calcite. The matrix of the white matrix breccias does not contain argillaceous material or iron 
sulfides.  
White matrix breccia is commonly found above zones of black matrix breccia as well as adjacent 
to alkali basalt intrusions. The presence of brecciated black matrix breccia clasts within the white matrix 
breccia as well as clasts or white matrix breccia in polylithologic black matrix breccia implies 
contemporaneous development of the two breccia types. The white matrix breccia in the Stonepark area is 
distinguished from that at Lisheen (Hitzman et al., 2002) in containing calcite matrix cement.  
 
 
Figure 8.5: White matrix breccia which contains re-brecciated clasts of black matrix breccia with diffuse 
margins from partial replacement by white matrix breccia dolomite cement. (TC-2638-045; 132 m.) 
 
8.3 Pink Ferroan Dolomite  
 Coarse-grained pink ferroan dolomite crosscuts earlier dolomite breccias in the prospect area and 
forms steeply dipping veins and stockwork zones that cut and locally replace earlier dolomite phases 
(Figure 8.6). The pink dolomite has a saddle habit and can form individual crystals up to 5 mm in 
diameter. Pink dolomite breccias often contain vugs >10 cm in diameter lined with the ferroan saddle 
dolomite crystals coated with very fine-grained (<0.25 mm) disseminated pyrite and lesser chalcopyrite. 
Zones of pervasive pink ferroan dolomitization may display zebra textures (Figure 8.7). These pink 
dolomites are similar to those observed at many of the Irish deposits, notably Tynagh (Boast et al., 1981) 
and Lisheen (Hitzman et al., 2002). 
 
8.4 Silicification 
 Silicification in the Stonepark area occurred during both diagenesis and hydrothermal alteration. 
Diagenetic chert is primarily found in the Argillaceous Bioclastic Limestone and Lough Gur formations. 
Hydrothermal silicification occurred adjacent to normal faults at the base of the Waulsortian Limestone in 
the transition unit and in some Waulsortian equivalent facies intervals. Silicified intervals locally display 




Figure 8.6: Vein of pink ferroan dolomite that crosscuts and replaces earlier regional dolomite creating a 
pseudobreccia texture. The pink dolomite vein contains a vein lined with saddle dolomite crystals 2 mm 
in size that are coated with small <0.5 mm crystals of euhedral pyrite and chalcopyrite. (TC-2638-074; 
159 m.)  
 
 
Figure 8.7: Zebra textured ferroan pink dolomite. (TC-2638-077; 296 m.)  
 
 
Figure 8.8: Silicified transition unit at the base of the Waulsortian. The nodular micrite was replaced by 
quartz, which varies in color from black to blue to red. The hematite stained silicified interval at the top of 










 The main sulfides minerals present in the prospects in the Stonepark area are pyrite, marcasite, 
sphalerite, and galena, with minor chalcopyrite, bornite, and arsenopyrite. Sphalerite and galena are the 
primary ore minerals and occur in potentially economic concentrations at Stonepark, Stonepark North, 
and at Stonepark West (Figure 1.3). The style and paragenetic sequence of alteration and mineralization is 
similar to that observed in other Irish-type Zn-Pb deposits. However, unlike many other Waulsortian-
hosted deposits such as Lisheen and Silvermines where orebodies occur at the base of the Waulsortian 
Limestone, sulfides in the Stonepark prospects occur several tens of meters to over a hundred meters 
above the base of the Waulsortian Limestone. As at Lisheen, Galmoy, and Silvermines, massive sulfides 
commonly occur within or adjacent to black matrix breccia. While sulfide bodies in the Stonepark 
prospects are spatially associated with alkali basalt rocks, only at the Stonepark West prospect do the 
alkali basalt rocks appear to have been significantly mineralized. 
 
9.1 Zn-Pb Sulfide Distribution  
  The Stonepark prospect is situated at the intersection of the northwest-trending Boughilbreaga 
fault and an inferred east-northeast-trending, northwest-dipping fault. Zinc-lead massive sulfides at the 
Stonepark prospect primarily occur in a stratiform lens approximately 40 meters above the base of the 
Waulsortian Limestone. Massive sulfides are hosted in black matrix breccia in close proximity to alkali 
basalt intrusions, which themselves do not host Zn-Pb sulfides. Steeply dipping veins of massive sulfide, 
interpreted to be parts of a northeast-trending and northwest-dipping hydrothermal feeder fault zone, also 
occur at the prospect (TC-2638-008). 
At the Stonepark North prospect zinc-lead sulfides occur at two horizons within the Waulsortian 
Limestone. The lower horizon is approximately 20 – 50 meters above the base of the Waulsortian 
Limestone while the upper horizon is approximately 100 – 150 meters above the base of the Waulsortian 
Limestone. The lower Zn-Pb sulfide zone is much lower grade than the upper lens and is composed of 
disseminated, stromatactis cavity replacement/fill and veins (<2 mm – 1 cm in width) of sphalerite and 
galena with minor pyrite-marcasite in weakly dolomitized and unbrecciated Waulsortian Limestone 
(Figure 9.1). In some drill holes the lower sulfide lens is adjacent to siliceous lithic breccia, although 
sphalerite and galena have not been observed within the siliceous lithic breccia matrix.  
The upper Zn-Pb horizon at Stonepark North forms a north-south trending stratiform lens of 
massive sulfide over 600 m in length that thins to the west from a generally north-trending normal fault 
(Figure 1.3). This horizon is hosted within black matrix breccia. Sulfides preferentially replaced the 
matrix and internal sediments within the black matrix breccias; in areas of more intense mineralization 
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sulfides also replaced clasts within the breccia (Figure 9.2). The black matrix breccia hosting the upper 
sulfide horizon commonly overlies a thick, undolomitized igneous dissolution breccia. The upper 
mineralized horizon is capped in some drill holes by clay altered alkali basalt dikes that do not contain 
Zn-Pb sulfides. 
 The distribution and orientation of Zn-Pb massive sulfides at Stonepark West is poorly 
constrained by current drilling. Drill core from the Stonepark West prospect was only briefly examined as 
part of this study. Zinc and lead massive sulfides at Stonepark West occur both at the base of the 
Waulsortian Limestone and approximately 175 – 200 meters above the base of Waulsortian Limestone. 
Massive sulfides are hosted in dolomitized Waulsortian Limestone and black matrix breccias proximal to 
alkali basalt intrusive rocks. Colloform masses of zinc-lead massive sulfides on the margins of alkali 
basalt intrusive rocks suggest ore-stage mineralization at this prospect was essentially coeval with alkali 
basalt volcanism (Figure 9.3). 
 
9.2 Sulfide Mineralogy and Paragenesis 
Clay altered alkali basalt intrusions and igneous breccias generally contain abundant disseminated 
euhedral pyrite, which in places can form semi-massive pods of colloform pyrite up to a meter in 
diameter. Pyrite also occurs in calcite veins that cut alkali basalts (Figure 6.25). Pods and veins of 
massive colloform or stalactitic pyrite several centimeters to over a meter in thickness are frequently 
observed within undolomitized and unbrecciated Waulsortian Limestone adjacent to many alkali basalt 
intrusions (Figure 6.22; Figure 9.4). Igneous dissolution breccias locally contain significant amounts of 
densely-packed, disseminated framboidal pyrite (<5 to 50 µm in size) which in places may be semi-
massive in appearance (Figure 9.5). Infrequently, the igneous dissolution breccias may contain colloform 
pyrite aggregates <3cm in size. Sphalerite and galena are rarely observed within igneous rocks at the 
Stonepark prospects. 
Sulfides are most abundant in the Carboniferous carbonate rocks. Framboidal pyrite (<1 to 30 µm 
in size) was the first sulfide to precipitate in the black matrix breccia where it occurs in the intergranular 
porosity of the matrix (Figure 9.6a) and is commonly intergrown with apatite. Early framboidal pyrite and 
apatite are commonly overgrown by coarser grained pyrite.  
This early pyrite event was followed by the precipitation of colloform pyrite-marcasite aggregates 
(20 µm to >10 cm in size). These colloform aggregates commonly contain a core of framboidal or 
subhedral early pyrite (Figure 9.6b) covered by alternating layers of pyrite, pyrite-marcasite, and 
marcasite up to >200 µm thick (Figure 9.7). Marcasite is more abundant toward the outer margins of the 
colloform masses. Unlike the early pyrite that filled intergranular porosity, these aggregates appear to 




Figure 9.1: Sphalerite, galena, and pyrite vein and breccia fill from the lower mineralized zone at 




Figure 9.2: (A) Massive colloform Zn-Pb-Fe sulfides in the upper mineralized horizon at Stonepark 
North. The massive sulfides have completely replaced the dolomitized matrix and clasts of a black matrix 
breccia. This interval contains 20.6% Zn, 5.2% Pb, and 13 g/t Ag. (TC-2638-026; at 217 m.) (B) Massive 
colloform Fe-Pb-Zn sulfides that replaced black matrix breccia. This interval contains 3.4% Zn and 5.8% 
Pb. (From Stonepark West, TC-2638-086; 382.5 m.) 
 
 
Figure 9.3: Irregular contact between Zn-Pb-Fe massive sulfide and an alkali basalt dike in Stonepark 




Figure 9.4: Pyrite stalactites cemented by non-ferroan calcite in undolomitized Waulsortian Limestone 
adjacent to an alkali basalt intrusion. This zone of stalactitic pyrite does not contain any sphalerite or 
galena, but is located at the same stratigraphic level as the Stonepark North Zn-Pb massive sulfide lens. 




Figure 9.5: Igneous dissolution breccia composed of approximately 40% framboidal pyrite <5 to 30 µm in 
size (Stonepark North, TC-2638-036; 292.3 m. Image on right is shown in reflected light at 100x 
magnification.)  
 
A  B  C  
Figure 9.6: (A) Framboidal pyrite clusters (<5 to 40 µm in size) within a black matrix breccia. (Stonepark 
North, TC-2638-045; 117.82 m. Image is shown in reflected light at 500x magnification.) (B) Image of 
colloform pyrite-marcasite with a core of framboidal pyrite overgrown by subhedral pyrite. (Stonepark 
North, TC-2638-032; 209.73 m. Image is shown in reflected light at 50x magnification.) (C) Colloform 




A.  B.  
Figure 9.7: (A) Colloform pyrite-marcasite aggregate partially replaced by sphalerite and later galena 
shown in reflected light at 200x magnification. (B) Colloform pyrite-marcasite aggregate partially 
replaced by sphalerite shown in reflected light at 50x magnification. (Stonepark North, TC-2638-045; 
215.9 m.)  
 
Ore stage massive sulfides display a complex paragenetic sequence with several episodes of Fe-
Zn-Pb sulfide precipitation, brecciation, and wall rock dissolution and replacement (Figure 9.8). Ore stage 
mineralization began with the precipitation of fine-grained (<10 µm) anhedral to spheroidal ‘buckshot’ 
sphalerite that ranges in color from tan to honey-brown to dark-brown. Buckshot sphalerite was 
precipitated primarily within intergranular porosity of black matrix breccias. This sphalerite commonly 
nucleated on pre-existing iron sulfides. Buckshot sphalerite was overgrown by massive sphalerite, which 
also replaced early pyrite and pyrite-marcasite aggregates (Figure 9.7) as well as dolomite within the 
black matrix breccia (Figure 9.9). Colloform sphalerite is poorly developed in the Stonepark prospects. 
Galena preferentially replaced dolomite in the breccia matrix and locally forms large crystals up to 200 
µm in diameter; pyrite coats the margins of some euhedral galena crystals. Dendritic galena is relatively 
rare at Stonepark; where present it is often intergrown with colloform sphalerite (Figure 9.10). Galena 
also replaced colloform iron sulfides aggregates and less frequently sphalerite (Figure 9.11).  
Minor amounts of very fine-grained copper sulfides are present in sulfide assemblages at 
Stonepark. Chalcopyrite occurs as small (<10 µm) disseminated blebs within and rimming coarse-grained 
sphalerite and galena. Larger blebs of intergrown chalcopyrite and bornite 50 – 100 µm up to 500 µm in 
diameter are present within black matrix breccias adjacent to altered alkali basalt intrusive rocks. The 
larger chalcopyrite blebs are irregular in shape and tend to overgrow earlier sulfides. Arsenopyrite is rare 
at Stonepark. In the single sample in which it has been observed it occurs as euhedral to subhedral 







Figure 9.8: Generalized paragenetic sequence of sulfide and gangue mineral precipitation in the Stonepark 
prospects.  
 
A B C  
Figure 9.9: (A) Dolomite rhombs in a breccia matrix replaced by sphalerite. The sample is from 
Stonepark North drill hole TC-2638-032 at 209.73 m depth, in the upper massive sulfide lens. Image is 
shown in transmitted light at 50x magnification. (B) Breccia matrix partially replaced by sphalerite with 
remnant dolomite rhombs visible within a mostly sphalerite matrix. The sample is from the middle 
massive sulfide lens in Stonepark North drill hole TC-2638-045 at 215.9 m depth and is shown in 
reflected light at 100x magnification. (C) Dolomite rhombs that have been partially replaced by 
sphalerite. (Stonepark North. TC-2638-038; 253.08 m. Transmitted light at 50x magnification.)  
 
 
Figure 9.10: Dendritic galena intergrown with massive sphalerite. Sphalerite replaced the dolomitic 
matrix of a BMB, although some remnant dolomite rhombs are still visible. The image is shown in plane 
polarized and reflected light at 100x magnification and is from the middle massive sulfide lens. 
(Stonepark North, TC-2638-045; 215.9 m.)  
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A.  B.  
C.  D.  
E.  F.  
Figure 9.11: (A) Replacement of marcasite and dolomite by sphalerite. Sphalerite and a colloform iron 
sulfide aggregate was then partially replaced by galena which display a fine-grain size (<30 µm). 
(Stonepark North, TC-2638-032; 209.73 m. Shown in reflected light at 100x magnification.) (B) 
Colloform iron sulfide aggregate surrounded and partially replaced by sphalerite and then later crosscut 
by galena. (Stonepark North, TC-2638-032; 209.73 m. Shown in reflected light at 50x magnification.) (C) 
Colloform iron sulfide partially replaced by disseminated buckshot sphalerite pseudomorphed by galena 
and then later pyrite. (Stonepark North, TC-2638-032; 209.73 m. Shown in reflected light at 200x 
magnification.) (D) Disseminated blebs and irregular veins of sphalerite and galena crosscut and replace 
an iron sulfide aggregate. Sphalerite appears to have been the first sulfide to replace the iron sulfide 
aggregate, and is then partially replaced by galena. (Stonepark North, TC-2638-026; 221.3 m. Shown in 
reflected light at 100x magnification.) (E) Massive galena is crosscut by disseminated blebs of replacive 
sphalerite which are in turn replaced at their core by small (10 µm) blebs of galena demonstrating the 
complex paragenetic history of sulfide precipitation. (Stonepark North, TC-2638-032; 209.73 m. Shown 
in reflected light at 100x magnification.) (F) Euhedral crystal of galena (120 µm in size) rimmed by a thin 
10 µm coat of pyrite which is partially surrounded by later sphalerite. (Stonepark North, TC-2638-026; 
221.3 m. Shown in reflected light at 100x magnification.)  
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Assays indicate massive sulfide intervals locally contain appreciable amounts of silver. Massive 
sulfide veins within the Argillaceous Bioclastic Limestone beneath the Stonepark prospect contain 23 
grams per ton silver together with minor arsenic and lesser antimony over a 1.25 m interval. The silver is 
likely hosted within small grains of tennantite-tetrahedrite or other sulfosalt minerals as observed in a 
number of Irish deposits (Hitzman and Beaty, 1996), although these minerals have not been identified at 
Stonepark. 
 Vugs within massive sulfide intervals, presumably created by dissolution of the carbonate wall 
rocks, were later filled with ferroan dolomite. The ferroan dolomite forms anhedral masses and subhedral 
to euhedral rhombs >200 µm in size. Coarser grained ferroan dolomite rhombs frequently display a saddle 
shaped habit. Gypsum occurs as small grains (<5 µm) between late ferroan dolomite rhombs and on the 
margins of some colloform sulfides; in both cases the gypsum may be supergene in origin. 
 
A.  B.  
C.  D.  
Figure 9.12: (A) Intergrown chalcopyrite-bornite approximately 75 µm in size cutting and replacing 
earlier anhedral pyrite within black matrix breccia. (Stonepark North, TC-2638-045; 117.8 m. Shown in 
reflected light at 100x magnification.) (B) Anhedral masses of lamellar textured chalcopyrite-bornite 
intergrowths surrounding 10-30 µm size framboidal pyrite clusters in a black matrix breccia. (Stonepark 
North, TC-2638-045; 117.8 m. Shown in reflected light at 100x magnification.) (C) Fractured euhedral 
arsenopyrite overgrown by bornite-chalcopyrite in a black matrix breccia. (Stonepark North, TC-2638-
045; 117.8 m. Shown in reflected light at 200x magnification.) (D) Euhedral crystals of arsenopyrite (20 
µm size) on the margins of a dolomite vein in a black matrix breccia. (Stonepark North, TC-2638-045; 
117.8 m. Shown in reflected light at 100x magnification.) 
71 
 
 Undolomitized and unbrecciated to weakly brecciated limestone from the basal 50 m of the 
Waulsortian Limestone locally, as in the Stonepark North prospect, contain minor amounts of pyrite, 
sphalerite, and galena that commonly replace the center of stromatactis cavities (Figure 9.13). Sulfides 
also occur in veins and vugs and are commonly intergrown with or overgrown by ferroan dolomite or 
ferroan calcite. Pyrite, sphalerite, and galena also coat breccia clasts and partially fill vugs in white matrix 
breccias.  
Late stage sphalerite is light tan to pink in color and is massive in appearance with no color 
banding and zonation. Late stage galena is coarser-grained (>400 µm) than galena in massive sulfide 
intervals. Late ore stage veins may display multiple generations of sphalerite separated by ferroan 
dolomite and ferroan calcite cement. Pyrite is not a major constituent of late stage-mineralized intervals, 
but where present forms colloform bands and aggregates that are later coated by massive sphalerite. 
Like many of the Irish deposits (Hitzman and Beaty, 1996), the Stonepark prospects contain late 
veins and vugs of pink saddle dolomite. These vugs, which often exceed 15 cm in diameter, often contain 
open space. The pink dolomite is strongly ferroan and forms saddle shaped crystals that range in size from 
0.5 – 2 mm. Fine-grained (<0.5 mm) disseminated crystals of pyrite and lesser chalcopyrite often coat 
saddle shaped dolomite crystals within open vugs; rarely vugs are lined with red to honey-brown colored 
























Figure 9.13: Photos of the lower zinc-lead sulfide zone in Stonepark North. (A) White matrix breccia 
partially cemented by fine-grained pink sphalerite. (B) Stromatactis cavity replaced by sphalerite. (C) 
Sphalerite vein cemented by ferroan dolomite. (Stonepark North, TC-2638-050.) 
   
 
Figure 9.14: Late pink dolomite vug crosscutting earlier black matrix breccia that contains a lining of pink 






LATE KARSTIC BRECCIAS 
Subsequent to hydrothermal alteration and Zn-Pb sulfide mineralization, parts of the Stonepark 
area were affected by meteoric karsting and brecciation. The meteoric breccias and karst are divided into 
massive calcite veins together with calcite matrix breccias and karstic vuggy dolomite and de-dolomite.  
 
10.1 Massive Calcite 
Massive calcite veins and calcite matrix breccias occur throughout the Waulsortian Limestone but 
are generally concentrated in the upper portion of the unit. The calcite matrix breccias are composed of 
clasts of unaltered Waulsortian Limestone, regional dolomite, or black matrix breccia in a matrix of 
massive, white, non-ferroan calcite. Breccia clasts may display scalloped margins from dissolution and 
replacement of earlier carbonate minerals by the massive white calcite; in some intervals the clasts 
display a thin rim of non-ferroan dolomite overgrown by massive white calcite (Figure 10.1). The calcite 
matrix breccias are visually similar to white matrix breccias but do not contain ferroan dolomite. The 
breccias may contain minor amounts of disseminated pyrite but do not contain zinc or lead sulfides. 
Steeply dipping veins filled with massive, white, non-ferroan calcite crosscut all rock and breccia 
units. The veins generally have sharp contacts with the adjacent wall rock. Locally the veins can grade 
into a calcite matrix breccia. Frequently, the calcite veins form parallel sets with the same dip and dip 




Figure 10.1: Meteoric calcite matrix breccia stained with Alizarin Red-S and potassium ferricyanide. The 
breccia is composed of angular clasts of undolomitized Waulsortian Limestone coated by a thin rim of 
subhedral non-ferroan dolomite (yellow stain) and is cemented by massive non-ferroan calcite (light pink 
stain) (TC-2638-038; 75 m.) 
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10.2 Meteoric Dolomite and Karst 
  Intervals of coarse-grained and vuggy meteoric dolomite occur throughout the prospect area but 
are concentrated in areas proximal to fault zones and/or diatremes. In the Stonepark North area meteoric 
dolomite is concentrated along the western bounding fault. The distribution and textures of this dolomite 
suggest it formed in or along karstic cavities. Meteoric dolomite is composed of coarsely-crystalline 
dolomite that displays a range of colors (white, pink, grey, beige, brown, yellow, orange) and is variably 
ferroan. Meteoric dolomite intervals commonly contain vugs lined with coarse euhedral dog tooth calcite 
up to 2 cm in length. Some cavities may also contain euhedral quartz grains. Meteoric dolomitization 
destroyed original host rock textures and formed a well-defined pseudobreccia texture; these breccias do 
not show evidence of solution collapse. Zones with meteoric dolomite may contain brown sediments 
interpreted to be geopetal cavity fill. Meteoric dolomite adjacent to geopetal sediments is commonly “de-
dolomitized” to brown-colored and sugary-textured calcite. 
Drill hole TC-2638-012 intersected a significant karstic depression 180 m in thickness underlain 
by 200 m of vuggy meteoric dolomite. At the contact between the karst and the meteoric dolomite is a 
narrow gossanous zone that contained 2.37% Zn and 4.73% Pb over a 0.95 m interval at approximately 




Figure 10.2: Meteoric dolomite composed pseudobreccia textured grey, pink, and white colored dolomite. 
The interval also contains several vugs lined with euhedral dolomite crystals up to 5 mm in length. (TC-






Carbonate and sulfide samples from the Stonepark and Stonepark North prospects were analyzed 
at the Colorado School of Mines Stable Isotope Laboratory for carbon, oxygen and sulfur stable isotopes.  
 
11.1 Carbon and Oxygen Isotopes 
Early micritic calcite from Irish Waulsortian Limestones in the Irish Midlands has δ13C (PDB) 
isotopic values of +3.0‰ to +4.1‰ δ13C (PDB) with a mean of +3.7‰ and δ18O (SMOW) isotopic values 
of +25.6‰ to +28.1‰ with a mean of +26.5‰ while early diagenetic calcite cements have δ13C (PDB) 
isotopic values of +3.0‰ to +4.1‰ and a mean of +3.5‰ and δ18O (SMOW) isotopic values of +24.0‰ 
to +28.0‰ with a mean of +26.8‰ (Boast et al., 1981; Douthit et al., 1993; Hitzman et al., 1998; Gregg 
et al., 2001; Wright et al., 2004). These data indicate that the isotopic range of unaltered Waulsortian in 
the initial stages of neomorphism was approximately +3.0‰ to +4.1‰ δ13C (PDB); and +24.0‰ to 
+28.1‰ δ18O (SMOW) (Figure 11.1). 
Regional non-ferroan dolomite from the Stonepark area displays δ13C-values ranging from +3.5‰ 
to +4.1‰ with a mean value of +3.7‰ and δ18O-values ranging from +23.1‰ to +24.8‰ with a mean 
value of +24.0‰ (Figure 11.1). Replacive dolomite from the Lisheen deposit has an average δ18O-value 
of 23.9 (Hitzman et al., 1998), very similar to that measured in the Stonepark area. Hitzman et al. (1998) 
reported an average δ13C-value of +3.8‰ from regional replacive dolomite in the Rathdowney area. The 
δ13C-values measured at Stonepark and those from Hitzman et al. (1998) are similar to the average values 
of unaltered Waulsortian micrite. This suggests that the δ13C composition of the dolomitizing fluids was 
buffered by the host limestone. However, the average oxygen isotopic value of the regional replacive 
dolomite in the Stonepark area is approximately 2‰ less than the mean value for unaltered Waulsortian 
micrite suggesting that oxygen underwent exchange with the dolomitizing fluids.  
The fine-grained dolomite matrix of black matrix breccias in the Stonepark area displays δ13C-
values ranging from +2.0‰ to +3.8‰ with a mean value of +3.3‰ and δ18O-values ranging from 
+23.0‰ to +24.2‰ with a mean value of +23.8‰. Ferroan dolomite veinlets with the black matrix 
breccia have δ13C-values ranging from +3.4‰ to +4.0‰ with a mean value of +3.8‰ and δ18O-values 
ranging from +22.8‰ to +25.2‰, with a mean value of +24.0‰. Only one white matrix breccia from the 
Stonepark area was sampled for carbon and oxygen isotopic analysis. This sample yielded a δ13C-value of 
+3.4‰ and δ18O-value of +23.6‰.  
The trend toward lower oxygen isotopic values with progressive alteration at Stonepark is similar 
to that observed in other Waulsortian-hosted deposits (Hitzman and Beaty, 1996; Hitzman et al., 2002). 
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However, a shift to much lower carbon isotopic values, seen in isotopic studies from Lisheen and 
Silvermines (Hitzman and Beaty, 1996; Hitzman et al., 2002), is not apparent in the Stonepark data.  
Syn- to post-ore calcite veins containing minor amounts of sphalerite and galena have δ13C-values 
ranging from +2.4‰ to +3.4‰ with a mean value of +2.7‰ and δ18O-values ranging from +23.1‰ to 
+26.0‰ with a mean value of +24.3‰. Thus, syn-mineralization carbonate minerals do display a shift to 
lighter δ13C-values similar to that observed in other Waulsortian-hosted deposits (Hitzman and Beaty, 
1996). This shift could reflect incorporation of carbon produced by bacterial oxidation of organic material 
(Boast et al., 1981) or derivation of isotopically light carbon from basement rocks.  
Dolomite in the late pink dolomite veins has δ13C-values ranging from +1.5‰ to +3.7‰ with a 
mean of +2.6‰ and δ18O-values ranging from +18.6‰ to +22.6‰ with a mean of +20.6‰ (Figure 11.1). 
The paragenetically latest carbonates are non-ferroan calcite veins and calcite matrix breccias. These 
calcites have δ13C-values that are similar to those of the late pink dolomite but significantly lighter 
oxygen values are suggestive of the influence of meteoric water.  
 
 
Figure 11.1: Stonepark δ13C (PDB) and δ18O (SMOW) values plotted by rock type and relative 
paragenetic stage. There is a progressive change to lighter carbon and oxygen isotopic values through 







11.2 Sulfur Isotopes 
 Sulfides from the Stonepark prospect area display a wide range of δ34S-values from -42.5‰ to 
+13.5‰ (Figure 11.2). Pyrite displays the widest range of δ34S-values from -42.5‰ to +11.1‰. 
Paragenetically early framboidal pyrite in the igneous dissolution breccias have δ34S isotopic values of -
18‰ to -34‰. Pyrite in the alkali basalt intrusions displays a wide range of δ34S-values from -42.5‰ to 
+8.8‰, with two clusters from +0.6‰ to +8.8‰ and -42.5‰ to -16.4‰ (Figure 11.3). The heavier values 
could represent igneous sulfur while the lighter values are most likely related to biological sulfate 
reduction.  
Lower Carboniferous marine seawater sulfate had δ34S-values of approximately +15‰ to +20‰ 
(Thode and Monster, 1965). Thus, to attain the highly depleted values observed in much of the pyrite at 
Stonepark, seawater sulfate would have had to been reduced with a fractionation of approximately 50‰.  
Disseminated pyrite and colloform pyrite-marcasite aggregates from black matrix breccias and 
Zn-Pb sulfide zones are isotopically heavier than the earlier generations of pyrite, with δ34S-values that 
range between -32‰ to +10‰ (average -10‰). Sulfides from black matrix breccias cluster between -
32‰ to -26‰ and -18‰ to -15‰ (Figure 11.3). The lighter cluster probably reflects incorporation of 
sulfur from earlier breccias and the igneous rocks. The heavier values probably represent paragenetically 
early iron sulfides in the black matrix breccia.  
Sphalerite and galena from Stonepark North have δ34S-values that range from -21‰ to +13‰ 
(average -5‰) and -15‰ to +13‰ (average -6‰) respectively. There is no significant variation in δ34S-
values between the upper and lower ore zones. Three sulfide samples from a sulfide-bearing vein in the 
Argillaceous Bioclastic Limestone unit yielded δ34S-values of +11.1‰ for pyrite, +13.3‰ for galena, and 
+13.5‰ for sphalerite. These heavy values suggest a limited amount of isotopically heavy sulfur was 
present in the metal-bearing hydrothermal fluid, similar to what has been previously observed in sulfides 
from feeder systems at both Silvermines (Croomer and Robinson, 1976) and Lisheen (Hitzman et al., 
2002). 
The δ34S isotopic compositions of Zn-Pb sulfides from other Irish-type deposits indicate a dual 
source of sulfide. Most massive sulfide displays δ34S-values between <-25‰ to around -5‰ reflecting 
sulfide derived dominantly from biogenic reduction of seawater sulfate. Sulfides within faults and veins 
that may represent hydrothermal fluid conduits can have δ34S-values of >0‰. These values are thought to 
represent sulfur within the metal-bearing hydrothermal fluid (Boyce et al., 1983; Anderson et al., 1998; 





Figure 11.2: Frequency plot of δ34S-values by mineral from Stonepark sulfides.  
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The Waulsortian-hosted deposits in the Limerick Syncline differ from those elsewhere in Ireland 
due to their close spatial association with igneous rocks. Igneous activity in the Limerick Syncline 
appears to have migrated from west to east through time in the Chadian. At the Carrickittle deposit east of 
Stonepark mineralized zones are cut by relatively unaltered intrusive rocks indicating that mineralization 
occurred prior to major igneous activity. In the Stonepark prospect area alkali basalt dikes, sills, and 
maar-diatremes were emplaced both before and after sulfide mineralization.  
The Stonepark prospect contains distinctive dissolution collapse and siliceous lithic breccias that 
are related to igneous activity. The siliceous lithic breccia contains clasts derived from sub-Waulsortian 
lithologies. These clasts appear to have been carried upward into the Waulsortian Limestone by diatreme-
like processes. The siliceous lithic breccia grades laterally into igneous dissolution breccia, which 
contains relatively abundant clay probably derived from hydrothermal alteration of igneous rock and 
quartz grains derived primarily from the underlying Old Red Sandstone. Although megascopically similar 
to black matrix breccias, the igneous dissolution breccia contains exotic clasts, more clay than typical 
black matrix breccia, and is generally undolomitized. This unit appears to be genetically related to 
igneous, rather than hydrothermal processes. 
The Stonepark prospects contain hydrothermal breccias (black and white matrix breccias) that are 
similar to those known from other Waulsortian-hosted deposits. The carbon and oxygen isotopic values of 
dolomite from these breccias do not show excursions to the extremely light values observed at the larger 
deposits such as Lisheen (Hitzman et al., 2002). This suggests that the Stonepark prospects did not 
experience as large an influx of hydrothermal fluids, perhaps accounting for their relatively small size.  
Neither the igneous rocks nor the igneous-related breccias at Stonepark contain significant Zn-Pb 
sulfides. The absence of significant sphalerite and galena in the igneous dissolution breccia, despite its 
megascopic similarity to the black matrix breccia, is probably due to early cementation by calcite whereas 
the black matrix breccia preserved a relatively high porosity at the time of mineralization. Igneous-related 
breccias may contain disseminated to semi-massive pods of pyrite, particularly along their margins. This 
pyrite displays strongly negative δ34S values suggesting that whatever the ultimate source of sulfur it 
underwent significant biogenic fractionation prior to incorporation in pyrite. The low total organic carbon 
values of the altered igneous rocks (<0.09 wt. %; Appendix E-1) indicate that such biogenic activity 
occurred away from the sites of pyrite mineralization.  
The sulfur isotopic values of Zn-Pb massive sulfides at Stonepark are less depleted than 
previously precipitated iron sulfides within the alkali basalt intrusions and igneous dissolution breccias. 
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They are similar to values reported from other Irish-type deposits (Coomer and Robinson, 1976; Boast et 
al., 1981; Hitzman and Beaty, 1986; Blakeman et al., 2002; Wilkinson et al., 2005). Sulfur in the Zn-Pb 
massive sulfides at Stonepark was probably derived from biogenically reduced seawater sulfate through 
the direct replacement of black matrix breccias.  
Lenses of Zn-Pb massive sulfides at Stonepark within the Waulsortian Limestone are generally 
located well above the base of the unit in contrast to the location of sulfide bodies at the base of the 
Waulsortian Limestone at the Carrickittle and Pallas Green prospects, in the Limerick Syncline to the east 
of Stonepark, as well as in many other Waulsortian-hosted Irish-type Zn-Pb deposits. Massive sulfide 
intervals at Stonepark are often capped by clay altered alkali basalt intrusions suggesting the dikes may 
have formed aquacludes for ascending hydrothermal fluids. Fluid pathways in the Stonepark prospects 
may have been more tortuous that those at other Waulsortian-hosted deposits with fluids channeled to 
mid-Waulsortian levels at Stonepark along normal faults, the margins of dikes, and hydrothermal 
dolomite breccia zones.  
The style and paragenetic sequence of hydrothermal alteration and Zn-Pb massive sulfide 
mineralization at Stonepark are similar to that observed in other Irish-type deposits. The primary form of 
wall rock alteration in these deposits was hydrothermal dolomitization and brecciation. Dolomitized and 
brecciated zones formed the locus for later Zn-Pb mineralization. The Waulsortian Limestone in the 
Stonepark area is not as pervasively dolomitized as that in the Lisheen-Galmoy and Silvermines areas 
(Andrew, 1986; Doyle et al., 1992; Hitzman and Beaty 1996; Hitzman et al., 1998; Lee and Wilkinson, 
2002; Fusciardi et al., 2003; Wilkinson et al., 2005a). It is, however, more dolomitized than the 
Waulsortian Limestone at Tynagh (Boast et al., 1981). At Tynagh sulfides form irregular replacements of 
limestone as a series of stockwork veins that coalesce locally into pods of massive sulfide. Sulfides at 
Tynagh are most prominent within the middle portions of the Waulsortian Limestone and were 
precipitated primarily beneath thin argillaceous beds adjacent to high angle normal faults; sulfides rarely 
extend more than 150 m laterally from the high angle faults (Hitzman pers. comm., 2013). This geometry 
is similar to that recognized with the massive sulfide lenses in the Stonepark area. The relationships 
between zones of pre-mineralization dolomitization in the Waulsortian Limestone and the geometry of 
Zn-Pb sulfide bodies at deposits throughout Ireland suggest that pre-mineralization dolomitization and 
development of black matrix breccia was critical for development of a permeable host rock able to allow 
movement of later mineralizing fluids significant distances laterally from normal fault zones.  
Early exploration in the Stonepark area confused the igneous-related breccias with the 
megascopically similar black matrix breccias. To date, all massive Zn-Pb sulfide pods in the Stonepark 
prospect are hosted in dolomitized black matrix breccias, while the igneous dissolution breccias only 
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contain pyrite. Differentiating between these breccia types will be crucial for vectoring towards 
potentially economic zones of massive sulfide.  
Stonepark represents the first Irish-type deposit where the interplay between igneous activity and 
base metal mineralization can be clearly observed. It thus adds an important element to our understanding 
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OTHER ZN-PB AND CU OCCURRENCES AROUND THE LIMERICK SYNCLINE 
The Lower Carboniferous stratigraphy surrounding the Limerick Syncline is host to a number of 
Zn, Pb, and Cu sulfide occurrences. The style of Zn-Pb mineralization in these deposits is similar to other 
Irish-type deposits.  
 
A-1 Carrickittle Deposit 
 The Carrickittle deposit is located on the southern limb of the Limerick Syncline, approximately 
15km southeast of Stonepark, and was targeted based on strong Pb-Zn stream sediment and IP anomalies 
(Brown and Romer, 1986). A total of 17 of 33 diamond drill holes intersected significant Zn-Pb massive 
sulfides averaging 3 m of 6% Zn and 1.5% Pb, however, the style of mineralization is discontinuous and 
only tens of thousands of tones are inferred (Brown and Romer, 1986). The deposit is hosted in the basal 
Waulsortian Limestone, which is crosscut by numerous red-brown trachytes and chloritized basic sills 
that range in size from less than 1cm to over 30m in thickness (Brown and Romer, 1986). The trachy 
andesites outcrop to the north of the prospect as plugs and to the south as EW-trending sills 
approximately 5km long, which are laterally offset by north-northwest-trending faults. The intrusions 
often occur along lithological contacts or stylolites (Brown and Romer, 1986).  
 The Waulsortian Limestone at Carrickittle is erratically dolomitized and contains areas of 
solution collapse brecciation (Brown and Romer, 1986). The primary sulfide minerals are pyrite, 
sphalerite and galena with minor chalcopyrite and marcasite. Sulfides form disseminations, veins, and 
massive replacements (Brown and Romer, 1986). Disseminated and stringer sulfides consists of fine- to 
medium-grained, crystalline, light to dark brown sphalerite and medium-grained crystalline galena 
disseminated throughout the matrix of both dolomitized and undolomitized Waulsortian micrite (Brown 
and Romer, 1986). This style of mineralization grades up to 4% combined Zn/Pb (Brown and Romer, 
1986). Massive sulfide bodies are present in dolomitized Waulsortian Limestone and partially or 
completely replace dolomitized vugs and breccias (Brown and Romer, 1986). This style of mineralization 
may contain as much as 35% combined Zn/Pb over 2m intersections (Brown and Romer, 1986).  
 Intrusion of trachyte and alkali basalt at Carrickittle postdated sulfide mineralization. The igneous 
rocks locally were intruded between massive sulfide and the Waulsortian Limestone (Brown and Romer, 
1986). The intrusive rocks do not host Zn-Pb sulfides, although they do contain disseminated pyrite and 
late-stage pyrite-calcite veins (Brown and Romer, 1986). The intrusive rocks at Carrickittle are not altered 




A-2 Pallas Green Prospects 
 The Pallas Green group of prospecting licenses is located on the north limb of the Limerick 
Syncline. To date five massive sulfide lenses have been identified: two small lenses at Castlegarde and 
three larger lenses at Tobermalug, Caherconlish and Strahane West (Tyler, 2007). The Tobermalug 
deposit had an announced resource in 2011 of 25.9 million tonnes of 7.51% zinc and 1.38% lead at a 4% 
cut off (Xstrata press release, 2011). Stonepark is located 5km west of the Tobermalug and Caherconlish 
deposits and likely represents an extension of the same mineralizing system. Zinc-lead sulfides in the 
Pallas Green deposits replaced black matrix breccia and were best developed at or close to the base of the 
Waulsortian (Blaney et al., 2003; Tyler, 2007). The Pallas Green deposits display a close spatial and 
temporal association with igneous intrusions, similar to the relationships observed at Stonepark (Tyler, 
2007). Within the Ballysteen Limestone, intrusives form steeply dipping dikes, but within the 
Waulsortian Limestone they appear largely as sills following breccia horizons (Blaney et al., 2003). The 
majority of the intrusive rocks at Pallas Green are pervasively altered to clay and carbonate minerals and 
contain abundant disseminated pyrite (Tyler, 2007). Alteration of the intrusions was accompanied by 
brecciation of both the Waulsortian Limestone and the intrusions to form polymictic breccias (Blaney et 
al., 2003). The laterally extensive brecciated horizons are believed to have focused later tectonic and 
hydrothermal fluids.  
 The lower 200m of the Waulsortian Limestone in the Pallas Green area contains a number of 
breccia horizons that Blaney et al. (2007) have interpreted to be related to either erosion surfaces or 
karstic systems. Additionally, a 7 m thick medium-grained sandstone unit has been reported near 
Tobermalug approximately 69.4 m above the base of the Waulsortian and is interpreted to be the distal 
portion of a debris flow breccia possibly sourced from the Leinster Massif (Blaney et al., 2003). In 
contrast, Tyler (2007) has proposed that these breccias and sandstone intervals are karstic in origin and 
were formed by localized uplift and erosion of the Waulsortian Limestone.  
 Massive sulfide composed of early pyrite and marcasite replaced early calcite cements in the 
Waulsortian Limestone (Blaney et al., 2003). Sphalerite replaced earlier iron sulfides and formed massive 
replacements and banded colloform masses (Blaney et al., 2003). The sphalerite is often overprinted by 
coarsely crystalline and dendritic galena (Crowther and Wilkinson, 2002). The Pallas Green deposits 
contain anomalously high Ge in sphalerite; drill hole MN-3268-4 at Castlegarde contained 79.05 g/t Ge 
and 21.20% Zn over a 3.26 m interval (Blaney et al., 2003). Two-phase fluid inclusions analyzed in 
calcite from sulfide-lined vugs yielded homogenization temperatures that ranged from 132° to 181°C with 
a mode of 150° to 160°C and salinities from 4.3 to 16.1 wt. % NaCl (Wilkinson, 2010). Fluid inclusions 
from sphalerite gave homogenization temperatures that ranged from 141° to 172°C and salinities of 16 to 
17 wt. % NaCl, which are similar to those from other Irish-type deposits (Wilkinson, 2010).  
91 
 
A-3 Gortdrum Cu-Hg Deposit 
 The past producing Gortdrum Cu-Hg(Ag-As-Ge-Sb) deposit is located on the far eastern margin 
of the Limerick Syncline approximately 25 km east-southeast of Stonepark. The mine produced 3.8mt 
averaging 1.2% Cu (Steed, 1986). Copper sulfides at Gortdrum are hosted in the Ballysteen Limestone. 
Mineralization appears to have had a close temporal and spatial association with ankaramitic dikes and 
plugs of the Knockseefin Formation, which are locally highly brecciated (Steed, 1986). Uranium was 
enriched in the igneous breccias with values ranging from several hundred ppm up to 3.8% U3O8 (Duane, 
1981; 1988). The southernmost ankaramites at Gortdrum are brecciated and contain clasts of rounded Old 
Red Sandstone up to 15cm in diameter that must have been transported at least 100 m up section (Steed, 
1986). Bryant (1968) described similar clastic breccias from Bisbee, Arizona, which were formed from 
fast flowing (10 to 20 m/s), non-viscous, hydrothermal fluids.  
 The intrusive rocks at Gortdrum are pervasively altered to carbonate and clay (Steed, 1986). 
Within the ore zone, igneous breccias are intensely mineralized and some intervals of polymictic igneous 
breccias contained as much as 20% Cu-sulfides (Steed, 1986). The four principal ore minerals are 
mercurian tennantite, chalcopyrite, bornite, and chalcocite. The sulfide assemblage was zoned from 
tennantite and chalcopyrite in the upper parts of the ore body to bornite and chalcocite in the lower parts 






























IGNEOUS ROCK WHOLE ROCK GEOCHEMISTRY 
Forty-six (46) samples of igneous and carbonate host rocks, breccias, dolomite, and massive 
sulfide were sent to OMAC Laboratories Ltd. in Co. Galway, Ireland for whole rock geochemical 
analysis. The samples were analyzed using a lithium metaborate fusion flux in an ICP-MS and ICP-AES 
instrument, which allowed for the determination of rock forming elements and a range of trace and REE 
elements. A portion of each sample was also digested in a 66% aqua regia solution (concentrated 
hydrochloric and nitric acid in a 3 to 1 ratio then diluted by 1/3 with distilled water) and then analyzed 
using ICP-MS to obtain base metals and associated element concentrations from sulfides, oxides, and 
carbonates. The aqua regia digestion requires a 0.2 g sample to be digested with 4 mls of the acid solution 
in an aluminum hot block for 90 minutes at 85 – 90°C. Distilled water is then added after digestion to 
bring the volume up to 10 mls, and then the sample is submitted for analysis. Fifty-eight (58) elements in 
total were measured for this study.  
 
Table B-1: List of elements leached from the alkali basalt intrusive rocks with increasing alteration. 
Sample 




Color Fe2O3 % MgO % MnO % Na2O % Cu ppm Ni ppm Ba ppm Sr ppm
TC-7353 TC-2638-50 69.40 0 Black 13.89 10.55 0.192 1.285 75.4 272.5 859.8 1300.4
TC-7354 TC-2638-50 73.50 1 Green 12.62 9.98 0.172 0.430 69.6 286.4 808.5 738.0
TC-7384 TC-2638-45 99.10 2 Green 13.17 9.07 0.139 0.292 63.3 336.5 2384.3 714.2
TC-7385 TC-2638-45 101.50 3 Green 5.40 4.21 0.128 0.020 62.2 151.0 118.4 254.5
TC-7383 TC-2638-45 96.60 4 Green 11.38 3.55 0.115 0.025 48.3 296.8 168.1 298.8
TC-7352 TC-2638-50 66.20 5 Green 4.96 1.95 0.071 0.287 98.4 168.6 445.5 413.7
TC-7434 TC-2638-69 549.00 5 Green 1.53 5.87 0.027 0.166 16.7 48.3 138.0 77.5
TC-7355 TC-2638-50 74.60 6 Green 5.21 2.75 0.063 0.050 43.6 200.8 204.1 280.9
TC-7370 TC-2638-45 182.42 6 Green 7.35 1.95 0.055 0.031 55.2 246.3 106.6 350.7
TC-7369 TC-2638-45 205.00 7 Green 4.34 3.30 0.015 0.060 29.8 118.1 159.0 312.1
TC-7374 TC-2638-45 233.30 8 Grey 11.02 2.18 0.033 0.185 35.0 67.6 222.0 37.3
TC-7373 TC-2638-45 235.50 9 Green 5.98 1.94 0.029 0.209 61.2 39.2 139.5 71.3
TC-7358 TC-2638-45 261.85 10 Grey 3.36 2.16 0.036 1.008 1.4 1.7 220.2 83.9
TC-7360 TC-2638-45 260.40 11 Grey 2.33 1.76 0.018 0.792 2.4 2.0 275.8 102.0













Table B-2: List of elements enriched in the alkali basalt intrusive rocks with increasing alteration.  
Sample 




Color Al2O3 % CaO % K2O % P2O5 % As ppm Ga ppm Pb ppm Rb ppm Zr ppm
TC-7353 TC-2638-50 69.40 0 Black 9.87 13.82 1.13 0.76 1.4 21.2 2.8 38.1 275
TC-7354 TC-2638-50 73.50 1 Green 9.07 13.27 1.33 0.63 1.7 19.8 2.6 36.1 271
TC-7384 TC-2638-45 99.10 2 Green 9.01 16.39 1.70 0.61 1.2 17.9 1.9 34.4 233
TC-7385 TC-2638-45 101.50 3 Green 8.54 22.84 2.60 0.66 6.9 17.5 6.1 77.8 232
TC-7383 TC-2638-45 96.60 4 Green 9.81 17.02 3.00 0.73 38.2 18.4 17.9 98.0 288
TC-7352 TC-2638-50 66.20 5 Green 11.71 21.46 4.03 0.91 23.3 23.5 21.6 110.1 334
TC-7434 TC-2638-69 549.00 5 Green 20.95 10.14 6.93 1.30 46.8 28.9 44.8 136.4 303
TC-7355 TC-2638-50 74.60 6 Green 11.77 21.34 3.86 0.98 13.3 25.0 10.8 101.0 333
TC-7370 TC-2638-45 182.42 6 Green 10.21 16.51 3.24 0.80 43.0 20.0 18.3 84.0 281
TC-7369 TC-2638-45 205.00 7 Green 21.83 5.68 6.46 1.65 114.3 39.2 47.4 153.8 578
TC-7374 TC-2638-45 233.30 8 Grey 16.03 3.36 5.30 0.59 90.9 16.1 82.8 104.1 346
TC-7373 TC-2638-45 235.50 9 Green 19.36 7.95 6.47 0.80 19.8 26.5 17.9 148.7 265
TC-7358 TC-2638-45 261.85 10 Grey 17.84 8.42 5.66 1.23 5.4 27.2 12.7 114.0 415
TC-7360 TC-2638-45 260.40 11 Grey 20.23 6.15 6.22 1.25 5.3 30.3 9.3 137.8 344
TC-7375 TC-2638-74 275.00 12 Grey 26.49 5.04 7.98 1.78 43.6 38.3 77.9 189.0 520  
  
Table B-3: Elements gained / leached from the margins to the interior of a hydrothermally altered trachy 
andesite dike in drill hole TC-2638-078 at 210m depth.  
Sample Number HoleID Depth Rock Type SiO2 % Al2O3 % Fe2O3 % K2O % Na2O % TiO2 %
TC-7438 TC-2638-78 209.26 Trachytic Dike 46.25 18.22 4.99 9.86 0.125 2.21
TC-7439 TC-2638-78 211.00 Trachytic Dike 45.88 15.94 9.66 4.35 3.005 2.09
TC-7440 TC-2638-78 212.60 Trachytic Dike 45.22 15.58 9.98 5.23 2.080 1.99
TC-7441 TC-2638-78 214.50 Trachytic Dike 46.60 15.62 4.85 8.47 0.077 2.05

























Table B-4: Stonepark igneous rock whole rock geochemical results. 
Sample # HoleID Depth Rock Type SiO2 % Al2O3 % CaO % Cr2O3% Fe2O3 % K2O % MgO % MnO % Na2O % P2O5 % TiO2 %  LOI % @ 1000°C  
TC-7352 TC-2638-50 66.2 Alkali Basalt 31.6 11.7 21.5 0.1 5.0 4.0 2.0 0.1 0.3 0.9 4.0 16.40 
TC-7353 TC-2638-50 69.4 Alkali Basalt 39.8 9.9 13.8 0.1 13.9 1.1 10.5 0.2 1.3 0.8 3.3 6.17 
TC-7354 TC-2638-50 73.5 Alkali Basalt 35.0 9.1 13.3 0.1 12.6 1.3 10.0 0.2 0.4 0.6 2.9 10.06 
TC-7355 TC-2638-50 74.6 Alkali Basalt 29.2 11.8 21.3 0.1 5.2 3.9 2.7 0.1 0.1 1.0 4.0 17.80 
TC-7358 TC-2638-45 261.9 Alkali Basalt 46.7 17.8 8.4 0.0 3.4 5.7 2.2 0.0 1.0 1.2 2.9 8.55 
TC-7360 TC-2638-45 260.4 Alkali Basalt 45.7 20.2 6.2 0.0 2.3 6.2 1.8 0.0 0.8 1.2 3.1 7.91 
TC-7369 TC-2638-45 205.0 Alkali Basalt 35.0 21.8 5.7 0.1 4.3 6.5 3.3 0.0 0.1 1.7 7.4 9.22 
TC-7370 TC-2638-45 182.4 Alkali Basalt 39.0 10.2 16.5 0.1 7.4 3.2 2.0 0.1 0.0 0.8 3.7 11.67 
TC-7373 TC-2638-45 235.5 Alkali Basalt 42.3 19.4 8.0 0.0 6.0 6.5 1.9 0.0 0.2 0.8 3.3 9.21 
TC-7374 TC-2638-45 233.3 Alkali Basalt 44.5 16.0 3.4 0.0 11.0 5.3 2.2 0.0 0.2 0.6 2.1 10.23 
TC-7375 TC-2638-74 275.0 Alkali Basalt 41.8 26.5 5.0 <0.001 3.5 8.0 1.8 0.0 0.1 1.8 4.2 7.44 
TC-7383 TC-2638-45 96.6 Alkali Basalt 35.7 9.8 17.0 0.1 11.4 3.0 3.5 0.1 0.0 0.7 3.4 12.92 
TC-7384 TC-2638-45 99.1 Alkali Basalt 34.4 9.0 16.4 0.1 13.2 1.7 9.1 0.1 0.3 0.6 3.3 12.34 
TC-7385 TC-2638-45 101.5 Alkali Basalt 31.2 8.5 22.8 0.1 5.4 2.6 4.2 0.1 0.0 0.7 2.8 21.08 
TC-7434 TC-2638-69 549.0 Alkali Basalt 34.5 20.9 10.1 0.0 1.5 6.9 5.9 0.0 0.2 1.3 5.0 14.01 
TC-7435 TC-2638-78 396.7 Trachy Andesite 46.7 15.6 10.4 0.0 2.9 8.8 1.9 0.1 0.7 0.5 2.0 10.87 
TC-7436 TC-2638-78 99.0 Trachy Andesite 48.5 17.1 7.7 0.0 4.3 7.4 0.9 0.0 1.5 0.6 2.0 8.89 
TC-7437 TC-2638-78 316.8 Trachy Andesite 45.9 17.4 8.1 0.0 4.8 5.2 2.6 0.1 0.4 0.6 2.1 12.28 
TC-7438 TC-2638-78 209.3 Trachy Andesite 46.2 18.2 5.9 0.0 5.0 9.9 2.4 0.1 0.1 0.6 2.2 8.62 
TC-7439 TC-2638-78 211.0 Trachy Andesite 45.9 15.9 6.2 0.0 9.7 4.3 2.7 0.1 3.0 0.6 2.1 9.28 
TC-7440 TC-2638-78 212.6 Trachy Andesite 45.2 15.6 6.5 0.0 10.0 5.2 3.5 0.2 2.1 0.6 2.0 10.00 
TC-7441 TC-2638-78 214.5 Trachy Andesite 46.6 15.6 6.7 0.0 4.9 8.5 3.9 0.1 0.1 0.6 2.0 10.55 














Table B-4: Stonepark igneous rock whole rock geochemical results continued.  



























TC-7352 TC-2638-50 66.2 Alkali Basalt 23.3 445.5 2.4 0.0 58.9 98.4 23.5 6.9 0.0 4.9 77.9 168.6 21.6 110.1 
TC-7353 TC-2638-50 69.4 Alkali Basalt 1.4 859.8 1.5 0.1 49.5 75.4 21.2 5.9 <0.005 5.8 81.6 272.5 2.8 38.1 
TC-7354 TC-2638-50 73.5 Alkali Basalt 1.7 808.5 1.8 0.1 52.0 69.6 19.8 5.8 <0.005 4.5 78.2 286.4 2.6 36.1 
TC-7355 TC-2638-50 74.6 Alkali Basalt 13.3 204.1 1.6 <0.01 64.0 43.6 25.0 7.0 <0.005 1.9 93.8 200.8 10.8 101.0 
TC-7358 TC-2638-45 261.9 Alkali Basalt 5.4 220.2 0.7 0.0 6.7 1.4 27.2 9.3 0.0 1.9 77.4 1.7 12.7 114.0 
TC-7360 TC-2638-45 260.4 Alkali Basalt 5.3 275.8 0.9 0.0 7.3 2.4 30.3 9.5 <0.005 1.9 80.7 2.0 9.3 137.8 
TC-7369 TC-2638-45 205.0 Alkali Basalt 114.3 159.0 1.8 1.1 50.1 29.8 39.2 12.1 0.3 47.0 95.4 118.1 47.4 153.8 
TC-7370 TC-2638-45 182.4 Alkali Basalt 43.0 106.6 1.7 <0.01 65.6 55.2 20.0 6.0 0.1 4.0 65.9 246.3 18.3 84.0 
TC-7373 TC-2638-45 235.5 Alkali Basalt 19.8 139.5 1.0 0.1 20.3 61.2 26.5 5.5 <0.005 1.6 53.4 39.2 17.9 148.7 
TC-7374 TC-2638-45 233.3 Alkali Basalt 90.9 222.0 0.5 0.4 24.9 35.0 16.1 6.5 0.0 5.8 46.2 67.6 82.8 104.1 
TC-7375 TC-2638-74 275.0 Alkali Basalt 43.6 141.9 0.6 0.1 23.9 12.1 38.3 12.6 0.1 3.9 110.0 9.8 77.9 189.0 
TC-7383 TC-2638-45 96.6 Alkali Basalt 38.2 168.1 1.1 0.3 57.0 48.3 18.4 6.3 0.2 5.7 71.3 296.8 17.9 98.0 
TC-7384 TC-2638-45 99.1 Alkali Basalt 1.2 2384.3 1.9 0.1 60.2 63.3 17.9 5.7 <0.005 4.6 57.1 336.5 1.9 34.4 
TC-7385 TC-2638-45 101.5 Alkali Basalt 6.9 118.4 1.5 0.1 41.0 62.2 17.5 4.9 0.2 3.9 54.1 151.0 6.1 77.8 
TC-7434 TC-2638-69 549.0 Alkali Basalt 46.8 138.0 0.8 0.4 36.4 16.7 28.9 7.0 0.2 1.7 52.9 48.3 44.8 136.4 
TC-7435 TC-2638-78 396.7 Trachy Andesite 2.0 370.9 0.9 0.0 8.6 3.7 20.9 7.4 <0.005 3.6 66.7 4.9 2.7 107.7 
TC-7436 TC-2638-78 99.0 Trachy Andesite 1.9 337.8 0.9 <0.01 4.5 3.2 22.1 7.7 <0.005 1.2 67.3 5.1 7.0 98.8 
TC-7437 TC-2638-78 316.8 Trachy Andesite 1.5 197.6 1.0 <0.01 2.8 2.9 21.9 6.5 <0.005 1.8 68.8 2.6 0.7 72.6 
TC-7438 TC-2638-78 209.3 Trachy Andesite 1.2 383.9 1.5 <0.01 6.8 0.2 23.3 8.6 <0.005 1.0 67.9 4.4 0.6 157.5 
TC-7439 TC-2638-78 211.0 Trachy Andesite 1.1 219.3 1.9 0.0 14.7 4.7 20.2 7.2 <0.005 1.0 55.8 11.9 1.9 79.2 
TC-7440 TC-2638-78 212.6 Trachy Andesite 1.5 187.0 1.7 0.0 19.7 15.1 20.0 6.3 0.0 1.9 63.3 16.2 1.6 90.1 
TC-7441 TC-2638-78 214.5 Trachy Andesite 1.9 216.8 1.3 <0.01 12.6 2.1 19.8 7.5 <0.005 2.1 61.3 8.7 1.8 124.8 














Table B-4: Stonepark igneous rock whole rock geochemical results continued.  
 



























TC-7352 TC-2638-50 66.2 Alkali Basalt 1.5 25.7 <0.2 <1 413.7 3.0 0.1 9.6 0.3 2.4 302.0 1.3 35.6 27.8 
TC-7353 TC-2638-50 69.4 Alkali Basalt 0.1 22.6 0.6 12.4 1300.4 3.8 0.2 9.1 0.5 2.3 258.3 0.8 30.9 101.2 
TC-7354 TC-2638-50 73.5 Alkali Basalt <0.05 19.7 0.4 1.0 738.0 3.6 0.1 8.5 0.1 2.1 221.9 1.0 27.6 98.9 
TC-7355 TC-2638-50 74.6 Alkali Basalt 0.5 27.0 0.8 1.7 280.9 3.4 0.1 9.8 0.4 3.1 308.9 1.6 34.8 8.7 
TC-7358 TC-2638-45 261.9 Alkali Basalt 0.2 16.3 <0.2 2.1 83.9 4.2 0.1 9.1 0.5 0.8 117.3 1.1 52.2 13.6 
TC-7360 TC-2638-45 260.4 Alkali Basalt 0.2 16.0 0.3 3.3 102.0 4.9 0.0 10.6 0.5 0.6 107.0 0.9 45.8 7.6 
TC-7369 TC-2638-45 205.0 Alkali Basalt 3.0 37.6 <0.2 3.0 312.1 4.0 0.1 16.8 1.4 9.5 506.0 2.9 50.2 458.7 
TC-7370 TC-2638-45 182.4 Alkali Basalt 1.1 24.3 <0.2 1.4 350.7 2.6 0.1 9.1 0.5 2.4 279.8 1.7 27.8 6.6 
TC-7373 TC-2638-45 235.5 Alkali Basalt 0.4 20.9 0.4 3.6 71.3 2.0 <0.02 5.7 0.8 1.3 220.4 0.8 33.3 57.4 
TC-7374 TC-2638-45 233.3 Alkali Basalt 1.6 6.9 <0.2 <1 37.3 2.4 0.1 6.8 6.5 11.9 97.7 2.2 20.2 165.3 
TC-7375 TC-2638-74 275.0 Alkali Basalt 0.5 15.5 0.2 3.7 77.9 4.2 0.1 12.9 1.7 2.9 153.2 1.8 54.5 5.8 
TC-7383 TC-2638-45 96.6 Alkali Basalt 0.3 24.3 0.7 1.7 298.8 3.2 0.1 9.3 0.7 3.2 265.1 1.2 26.9 152.7 
TC-7384 TC-2638-45 99.1 Alkali Basalt <0.05 27.1 0.4 1.3 714.2 2.6 0.1 7.2 0.2 1.9 263.3 0.9 25.2 123.7 
TC-7385 TC-2638-45 101.5 Alkali Basalt 1.2 18.6 <0.2 1.1 254.5 2.0 0.1 6.7 0.2 1.9 211.4 0.9 26.4 33.3 
TC-7434 TC-2638-69 549.0 Alkali Basalt 0.9 15.0 0.7 1.4 77.5 2.6 0.0 5.3 1.0 9.9 268.3 1.5 37.7 188.0 
TC-7435 TC-2638-78 396.7 Trachy Andesite 0.1 8.9 0.8 2.1 87.8 3.6 <0.02 7.4 0.1 1.8 100.9 0.9 24.4 6.0 
TC-7436 TC-2638-78 99.0 Trachy Andesite 0.1 8.6 0.3 2.7 103.3 4.6 0.0 8.8 0.1 2.1 106.8 1.2 25.9 1.0 
TC-7437 TC-2638-78 316.8 Trachy Andesite <0.05 2.9 <0.2 1.2 61.0 3.9 <0.02 7.7 4.1 0.7 99.5 1.0 18.3 5.2 
TC-7438 TC-2638-78 209.3 Trachy Andesite 0.1 9.2 0.5 3.7 64.5 5.1 <0.02 9.2 0.4 2.1 108.3 1.3 27.7 9.0 
TC-7439 TC-2638-78 211.0 Trachy Andesite 0.1 8.9 0.3 1.3 106.7 3.3 0.1 6.9 0.3 1.7 102.0 0.6 26.6 33.6 
TC-7440 TC-2638-78 212.6 Trachy Andesite 0.1 9.1 <0.2 1.8 83.0 4.1 0.1 6.9 0.3 2.0 105.1 <0.5 24.7 26.0 
TC-7441 TC-2638-78 214.5 Trachy Andesite 0.1 9.0 <0.2 2.3 60.2 4.2 0.1 7.3 0.3 1.8 107.3 <0.5 25.7 18.7 













RARE EARTH ELEMENT GEOCHEMISTRY OF IGNEOUS ROCKS 
The alkali basalt and trachy andesite intrusions at Stonepark have a relatively flat REE curve 
normalized to the C1 chondrite (Figure C-1, Table C-3). The REE data indicate that the Knockroe 
volcanic rocks and the Knockderc syenite have a pronounced negative thulium anomaly compared to the 
intrusive rocks (Figure C-2). This suggests that the Knockroe volcanic rocks and the Knockderc syenite 
were erupted from different magmas than the intrusive rocks at Stonepark. It also suggests that the 
Knockroe volcaniclastic rocks may have been erupted from the Knockderc volcano rather than the more 
proximal Knockroe volcano. Interestingly, the igneous dissolution breccia and black matrix breccia at 




Figure C-1: REE plot of Stonepark area intrusive rocks, Knockroe volcanic rocks, and Knockderc syenite 
normalized to C1 Chondrite. Altered alkali basalts = Blue; Knockroe volcanic rocks = Green; Trachy 
Andesite Intrusions = Red; Knockderc syenite = Yellow. Normalized to the C1 Chondrite REE-values. 
 
 
Figure C-2: REE plot of Stonepark area intrusive and volcanic rocks against black matrix breccia, igneous 
















La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
Least Altered Basaltic Dike Black Matrix Breccia
Igneous Dissolution Breccia Syenite
Siliceous Lithic Breccia Trachytic Dike
98 
 
Table C-1: Measured REE values from Stonepark area intrusive and volcanic rocks, black matrix breccia, igneous dissolution breccia, and 
siliceous lithic breccia samples.  
Sample 





























TC-7383 TC-2638-45 96.60 Alkali Basalt Dike 68.2 133.3 14.5 57.3 11.5 3.4 8.8 1.2 7.1 1.1 2.4 0.3 2.0 0.240 
TC-7384 TC-2638-45 99.10 Alkali Basalt Dike 56.1 112.0 12.6 49.9 9.5 3.3 7.6 1.2 5.8 1.0 2.4 0.3 1.7 0.230 
TC-7385 TC-2638-45 101.50 Alkali Basalt Dike 47.0 91.7 10.8 45.1 8.6 2.5 7.7 1.0 5.1 0.9 2.3 0.3 1.6 0.218 
TC-7370 TC-2638-45 182.42 Alkali Basalt Dike 65.2 133.3 14.7 57.7 11.3 3.6 9.4 1.2 6.9 1.0 2.8 0.3 1.8 0.252 
TC-7369 TC-2638-45 205.00 Alkali Basalt Dike 89.8 170.8 20.3 79.2 14.5 4.1 13.5 1.9 10.4 1.8 4.9 0.5 3.2 0.453 
TC-7374 TC-2638-45 233.30 Alkali Basalt Dike 39.1 83.1 10.1 39.2 6.5 2.3 6.1 0.8 4.3 0.8 2.0 0.2 1.8 0.230 
TC-7373 TC-2638-45 235.50 Alkali Basalt Dike 40.8 85.2 11.1 45.2 8.8 3.0 8.3 1.2 6.1 1.2 3.0 0.4 2.4 0.319 
TC-7360 TC-2638-45 260.40 Alkali Basalt Dike 73.3 165.7 20.3 83.5 17.0 5.7 15.5 2.0 10.8 1.8 4.2 0.5 3.3 0.464 
TC-7358 TC-2638-45 261.85 Alkali Basalt Dike 60.4 145.8 19.5 79.2 15.6 5.2 15.8 2.0 11.0 1.8 4.4 0.5 3.5 0.464 
TC-7352 TC-2638-50 66.20 Alkali Basalt Dike 72.1 145.8 17.6 70.7 12.1 3.7 10.8 1.4 7.5 1.2 3.2 0.4 2.3 0.319 
TC-7353 TC-2638-50 69.40 Alkali Basalt Dike 69.2 133.5 15.1 59.3 10.3 3.3 9.3 1.2 6.6 1.0 2.9 0.3 1.9 0.263 
TC-7354 TC-2638-50 73.50 Alkali Basalt Dike 62.8 120.5 13.7 53.9 10.3 3.2 8.9 1.2 6.3 1.1 2.4 0.3 2.0 0.296 
TC-7355 TC-2638-50 74.60 Alkali Basalt Dike 75.5 163.1 19.1 73.8 12.4 4.2 12.0 1.4 7.8 1.3 3.2 0.4 2.4 0.330 
TC-7434 TC-2638-69 549.00 Alkali Basalt Dike 38.9 90.3 11.4 50.2 11.1 3.4 9.7 1.4 7.6 1.4 3.2 0.4 2.5 0.308 
TC-7375 TC-2638-74 275.00 Alkali Basalt Dike 61.7 139.4 17.5 75.6 16.2 4.7 14.8 2.0 12.2 2.1 4.7 0.6 3.4 0.430 
TC-7436 TC-2638-78 98.95 Trachy Andesite Dike 52.4 111.7 12.4 46.0 8.4 2.8 7.8 1.0 5.8 1.0 2.7 0.4 2.5 0.352 
TC-7438 TC-2638-78 209.26 Trachy Andesite Dike 52.5 110.1 11.9 46.2 8.8 3.0 7.2 1.1 6.1 1.1 2.8 0.4 2.7 0.397 
TC-7439 TC-2638-78 211.00 Trachy Andesite Dike 49.3 96.5 11.8 46.1 7.6 2.6 7.3 1.0 5.2 1.0 2.6 0.3 2.1 0.308 
TC-7440 TC-2638-78 212.60 Trachy Andesite Dike 49.8 108.9 11.8 44.7 8.4 2.9 7.2 1.0 5.6 0.9 2.4 0.3 2.5 0.319 
TC-7441 TC-2638-78 214.50 Trachy Andesite Dike 33.2 72.2 8.6 35.5 7.3 2.2 6.5 1.0 5.8 1.0 2.5 0.3 2.2 0.319 
TC-7442 TC-2638-78 216.60 Trachy Andesite Dike 46.2 96.9 11.2 43.1 7.5 2.1 6.2 0.8 5.0 0.9 2.4 0.3 2.4 0.330 
TC-7437 TC-2638-78 316.75 Trachy Andesite Dike 40.4 79.1 9.6 35.7 6.2 2.2 5.4 0.6 3.6 0.6 1.6 0.2 1.2 0.163 
TC-7435 TC-2638-78 396.65 Trachy Andesite Dike 51.3 98.6 11.0 41.8 7.7 2.7 6.6 0.9 4.9 0.8 2.3 0.3 2.0 0.274 
TC-6019 TC-2638-088 92.45 Knockroe Volcanics 39.7 89.9 11.5 48.0 9.0 3.0 8.1 1.0 5.0 0.9 2.3 0.04 1.5 0.177 
TC-6020 TC-2638-088 106.82 Knockroe Volcanics 39.0 87.7 11.3 48.0 8.7 3.1 8.0 1.2 4.7 1.2 2.7 0.03 1.6 0.219 
TC-6026 Outcrop E165354 Knockderc Syenite 52.1 101.9 13.1 50.6 10.8 5.6 9.9 1.3 6.4 1.3 4.4 0.02 3.5 0.459 
TC-6010 TC-2638-078 267.58 Black Matrix Breccia 2.2 3.7 0.6 2.4 0.4 <0.1 0.1 <0.1 0.6 <0.1 0.3 0.93 0.3 <0.1 
TC-6028 TC-2638-101 278.00 Black Matrix Breccia 8.5 15.1 2.2 8.4 2.5 0.6 1.7 0.2 1.8 0.3 0.9 0.78 0.4 <0.1 
TC-6027 TC-2638-101 283.20 Igneous Dissolution Breccia 4.2 7.5 1.0 3.6 0.6 0.2 0.3 <0.1 0.5 0.1 0.3 11.38 0.3 <0.1 
TC-6011 TC-2638-078 307.20 Igneous Dissolution Breccia 67.2 130.9 15.9 59.6 11.8 2.9 10.2 1.4 6.3 1.2 3.4 10.30 2.5 0.271 
TC-7449 TC-2638-50 325.70 Siliceous Lithic Breccia 17.5 34.2 4.2 14.7 2.2 0.4 1.9 0.3 1.5 0.4 1.2 0.1 1.2 0.174 





INFRARED SPECTROSCOPY RESULTS 
 Forty-seven (47) samples of igneous dikes displaying varying degrees of alteration were collected 
from drill core and analyzed by Anna Fonseca, on behalf of Teck Resources Ltd., using infrared (IR) 
spectroscopy with a Terraspec instrument made by ASD of Boulder, CO. Infrared spectroscopy is 
especially useful in discerning between different clay minerals. The Terraspec instrument can analyze a 
wide range of wavelengths (350 nm - 2500 nm). Infrared analyses of the dike samples detected the 
presence of illite, phengite, smectite, and chlorite. Analysis determined that phengite is the most common 
white mica in the samples analyzed. Phengite is spectrally recognized by the ~2200 nm absorption 
features that range from 2211 nm to 2223 nm. The infrared spectroscopic results (Appendix D) have been 
reported as a number representing the likelihood that a given mineral is present and interpreted minerals 
are reported according to the following scheme: 
• 1 = certainly present 
• 0.75 = likely present 
• 0.5 = probably present 
• 0.25 = possibly present 
The numbering scheme is not related to the percentage or abundance of a mineral, only the likelihood that 
it is present. The likelihood that a mineral is detected is primarily dependent on the color and grain size of 
that mineral in the rock. Darker colored minerals produce excessive noise and are difficult for the 






















Table D-1: Infrared spectroscopic results from clay altered igneous rocks from the Stonepark area.  
  Sample ID# Hole ID# Depth Rock Type 2200nm Illite Phengite Smectite Chlorite 
1 TC-7383 TC-2638-45 96.60 Alkali Basalt Dike 2213   0.75 0.25   
2 TC-7384 TC-2638-45 99.10 Alkali Basalt Dike         1 
3 TC-7385 TC-2638-45 101.50 Alkali Basalt Dike 2220   0.75   1 
4 TC-7370 TC-2638-45 182.60 Alkali Basalt Dike 2208 0.75   0.75   
5 TC-7369 TC-2638-45 205.00 Alkali Basalt Dike 2211 0.75 0.25 0.75   
6 TC-7372 TC-2638-45 226.80 Alkali Basalt Dike           
7 TC-7374 TC-2638-45 233.30 Alkali Basalt Dike 2211 0.25   0.75   
8 TC-7373 TC-2638-45 235.50 Alkali Basalt Dike 2208 0.25   0.75   
9 TC-7361 TC-2638-45 260.16 Alkali Basalt Dike           
10 TC-7360 TC-2638-45 260.40 Alkali Basalt Dike 2206 0.25   0.5   
11 TC-7362 TC-2638-45 261.47 Alkali Basalt Dike 2211 0.75 0.25 0.75   
12 TC-7358 TC-2638-45 261.85 Alkali Basalt Dike 2211 0.25 0.75     
13 TC-7359 TC-2638-45 262.5 Alkali Basalt Dike 2207   0.75 0.75   
14 TC7357 TC-2638-45 263.80 Alkali Basalt Dike 2211 0.25 0.75 0.5   
15 TC-7352 TC-2638-50 66.70 Alkali Basalt Dike 2212 0.25 1 0.75   
16 TC-7353 TC-2638-50 69.40 Alkali Basalt Dike           
17 TC-7354 TC-2638-50 73.50 Alkali Basalt Dike         1 
18 TC-7355 TC-2638-50 74.60 Alkali Basalt Dike 2215 0.25 1 0.75   
19 TC-7356 TC-2638-50 75.40 Alkali Basalt Dike 2211   0.75 0.75   
20 TC-7448 TC-2638-50 335.90 Alkali Basalt Dike 2200 0.25       
21 TC-7434 TC-2638-69 549.00 Alkali Basalt Dike 2204 0.5       
22 TC-7378 TC-2638-74 221.30 Alkali Basalt Dike 2208 0.25   0.25   
23 TC-7371 TC-2638-74 241.00 Alkali Basalt Dike 2208 0.25   0.5   
24 TC-7375 TC-2638-74 275.00 Alkali Basalt Dike 2207 0.25   0.25   
25 TC-7308 TC-2638-86 387.5 Alkali Basalt Dike 2214   0.25     
26 TC-7307 TC-2638-86 390.5 Alkali Basalt Dike 2217   0.5     
27 TC-7400 TC-2638-86 391 Alkali Basalt Dike 2216   0.5   0.5 
28 TC-7399 TC-2638-86 392.2 Alkali Basalt Dike         1 
29 TC-7398 TC-2638-86 394.1 Alkali Basalt Dike         1 
30 TC-7397 TC-2638-86 397.05 Alkali Basalt Dike 2215   0.75     
31 TC-7396 TC-2638-86 397.7 Alkali Basalt Dike 2219   0.75     
32 TC-7395-A TC-2638-86 398.5 Alkali Basalt Dike         1 
33 TC-7395-B TC-2638-86 398.5 Alkali Basalt Dike           
34 TC-7394 TC-2638-86 399.25 Alkali Basalt Dike         1 
35 TC-7393 TC-2638-86 400.3 Alkali Basalt Dike 2217   0.5 0.5 0.75 
36 TC-7392 TC-2638-86 401.5 Alkali Basalt Dike 2217   0.75 0.75 0.5 
37 TC-7391 TC-2638-86 403.1 Alkali Basalt Dike 2212   0.25 0.5   
38 TC-7306 TC-2638-77 129.2 Trachy Andesite Dike 2217 0.25 0.75   0.25 
39 TC-7304 TC-2638-77 131.85 Trachy Andesite Dike 2212 0.25 0.75     
40 TC-7305 TC-2638-77 132.5 Trachy Andesite Dike 2212 0.25 0.75     
41 TC-7435 TC-2638-78 96.65 Trachy Andesite Dike 2211 0.25 0.5 0.25   
42 TC-7436 TC-2638-78 98.95 Trachy Andesite Dike 2210 0.5 0.5     
43 TC-7438 TC-2638-78 209.26 Trachy Andesite Dike 2219   0.75     
44 TC-7439 TC-2638-78 211.00 Trachy Andesite Dike           
45 TC-7440 TC-2638-78 212.60 Trachy Andesite Dike 2221   0.75 0.25   
46 TC-7441 TC-2638-78 214.50 Trachy Andesite Dike 2219   0.75 0.25   
47 TC-7442 TC-2638-78 216.60 Trachy Andesite Dike 2211   0.75     










TOTAL ORGANIC CARBON MEASUREMENTS 
 Eighteen (18) samples were analyzed for Total Organic Content (TOC) using the LECO TOC 
method by GeoMark Research, Ltd. in Texas. Samples included alkali basalt igneous breccias (peperite 
and hyaloclastite), hybrid breccias (siliceous lithic breccia and igneous dissolution breccia), and black 
matrix breccias. Samples were digested in phosphoric acid (1:1) prior to analysis in order to remove 
inorganic carbon (e.g. carbonate material). Digested samples were dried, weighed, and then heated to 
~1,350°C, which converted the remaining carbon in the sample to CO2 gas. Measurement of the gas was 
accomplished using a non-dispersive infrared (NDIR) detection cell. The percent of total organic was 
calculated by dividing the mass of the collected CO2 gas by the mass of the original sample. 
Total organic content of rocks at the Lisheen Zn-Pb deposit were analyzed by Redmond (1997) 
and by Hitzman et al. (2002), and will be used as a reference to compare values measured at Stonepark 
(Table E-1 and E-2). Unaltered Waulsortian Limestone at Lisheen contained 0.03 wt% TOC, and 
regionally dolomitized rocks yielded 0.02 wt% TOC (Redmond, 1997; Hitzman et al., 2002). Although 
these two rock types were not sampled as part of this study, the values reported at Lisheen are believed to 
be representative of Stonepark and will be regarded as baseline values to compare against later 



























Table E-1: Total organic content (TOC) wt. % of Stonepark breccias.  
Hole no. Depth Description TOC(wt.%) 
TC-2638-050 197.3 Alkali Basalt Igneous Breccia 0.09 
TC-2638-049 157.3 Alkali Basalt Igneous Breccia  0.09 
TC-2638-045 228.8 Alkali Basalt Igneous breccia  0.08 
TC-2638-045 226.8 Alkali Basalt Intrusion  0.05 
TC-2638-045 117.8 Black Matrix Breccia 0.26 
TC-2638-045 149.3 Black Matrix Breccia 0.11 
TC-2638-049 214.1 Black Matrix Breccia 0.08 
TC-2638-030 501.6 Black Matrix Breccia  0.07 
TC-2638-074 261.4 Black Matrix Breccia  0.08 
TC-2638-060 237.7 Black Matrix Breccia (igneous dissolution breccia overprinted by BMB) 0.12 
TC-2638-045 213.1 Black Matrix Breccia (replaced by massive sulfide) 0.07 
TC-2638-016 296.9 Black Matrix Breccia (vermicular texture)  0.33 
TC-2638-036 292.4 Hybrid Breccia - Igneous Dissolution Breccia 0.13 
TC-2638-049 284.6 Hybrid Breccia - Igneous Dissolution Breccia 0.13 
TC-2638-086 343.5 Hybrid Breccia - Igneous Dissolution Breccia 0.11 
TC-2638-057 300.1 Hybrid Breccia - Igneous Dissolution Breccia (internal sediments) 0.12 
TC-2638-057 289.5 Hybrid Breccia - Igneous Dissolution Breccia (internal sediments)  0.04 
TC-2638-050 326.4 Hybrid Breccia - Siliceous Lithic Breccia 0.08 
 
Table E-2: Total organic content (TOC) wt. % of rocks from the Lisheen deposit (Hitzman et al., 2002). 
Hole no. Depth  Description TOC(wt.%) 
LK-60 193.4 Waulsortian Limestone 0.03 
LK-60 176.7 Regional Dolostone 0.02 
1652-3 102.5 Regional Dolostone (from approx. 30 km N of Lisheen) 0.02 
3262-1 191.9 Massive Black Matrix Breccia (dark grey) 0.03 
3262-1 195 Massive Black Matrix Breccia (dark grey) 0.03 
LK-60 174.3 Black Matrix Breccia Matrix Dolomite (pale grey) 0.03 
LK-60 174.3 Black Matrix Breccia Matrix Dolomite (pale grey) 0.04 
2258-11 164 Black Matrix Breccia Matrix Dolomite (pale grey) 0.03 
3262-10 186.9 Black Matrix Breccia Matrix Dolomite (pale grey) 0.06 
LK-84 113.4 Black Matrix Breccia Matrix Dolomite along fault (dark grey) 0.12 
LK-59 200.8 Vermicular-textured Black Matrix Dolomite (dark grey) 0.07 
LK-64 215 Grey Waulsortian-type Limestone nodules, nodular micrite unit of Ballysteen Fm. 0.02 
2258-23 56.5 Black, massive (unaltered) shale at base of Waulsortian, top Ballysteen Limestone 0.31 
2258-23 56.5 Black, massive (unaltered) shale at base of Waulsortian, top Ballysteen Limestone 0.33 
LK-332 67.2 Black, unaltered argillaceous band - top Ballysteen 0.33 
LK-332 70.1 Green (altered) argillaceous band - top Ballysteen Limestone 0.02 
LK-338 205.5 Green (altered) argillaceous band - base of Waulsortian Limestone 0.03 










STABLE δ13CVPDB AND δ18OSMOW ISOTOPES  
Fifty-six (56) carbonate samples were analyzed at the Colorado School of Mines Stable Isotope 
Laboratory to measure δ18O and δ13C isotope values. The samples are representative of the different 
carbonate generations and types observed in the Stonepark area. Carbonate rock samples were prepared 
using the same procedure as the sulfur isotope samples using a micro drill. Prior to drilling, one-half of 
the carbonate samples were stained with Alizarin Red-S and potassium ferricyanide in dilute hydrochloric 
acid solution to differentiate ferroan and nonferroan calcite and dolomite from each other. Staining also 
revealed areas within the sample that were most likely to contain a single carbonate species. After a 
prospective carbonate-type was identified, a similar target was located on the unstained half of the sample 
and drilled.  
 Approximately 90 µm of each carbonate powder sample was weighed and placed into individual 
sample vials. The samples were then quantitatively acidified in vacuo in an on-line autosampler using 
100% orthophosphoric acid at 90°C. The generated carbon dioxide was cryogenically purified and then 
analyzed for both stable carbon and oxygen isotopes simultaneously in a Micromass Isoprime stable 
isotope ratio mass spectrometer using traditional dual-inlet techniques. The laboratory standard reference 
gas has been calibrated against a laboratory working calcium carbonate powder derived from the 
Colorado Yule Marble (CYM). The CYM composition had been calibrated against NBS-18 and NBS-19 
standard reference materials obtained from the National Institute of Standards and Technology. Data is 
reported as a per mil difference from the Vienna PeeDee Belemnite (V-PDB) international reference. 
Oxygen values were converted to Vienna Standard Mean Ocean Water (SMOW) using the equation 
δ18OVSMOW=1.03091*δ 18OVPDB+30.91‰. Precision for this study was determined through the repeated 
analyses of CYM and blind duplicate analysis of samples is 0.03‰ for carbon and 0.06‰ for oxygen. All 
















Table F-1: Carbon and oxygen isotope results from the Stonepark prospect.  
# Sample ID# Drill Hole # 
Depth 





1 TC-7258 TC-2638-26 233.08 Dolomite Nonferroan Dolomite Regional Dolomite 
Stage 1 - Grey Replacive 
Dolomite 3.79 23.62 
2 TC-7337 TC-2638-40 154.50 Dolomite Nonferroan Dolomite Regional Dolomite 
Stage 1 - Grey Replacive 
Dolomite 3.50 24.04 
3 TC-2852 TC-2638-45 166.07 Dolomite Nonferroan Dolomite Regional Dolomite 
Stage 1 - Grey Replacive 
Dolomite 3.60 24.15 
4 TC-7315 TC-2638-60 229.75 Dolomite Nonferroan Dolomite Regional Dolomite 
Stage 1 - Grey Replacive 
Dolomite 3.63 24.24 
5 TC-7431 TC-2638-69 443.45 Dolomite Nonferroan Dolomite Regional Dolomite 
Stage 1 - Grey Replacive 
Dolomite 4.06 23.16 
6 TC-7424 TC-2638-78 54.60 Dolomite Nonferroan Dolomite Regional Dolomite 
Stage 1 - Grey Replacive 
Dolomite 3.79 24.78 
7 TC-7310 TC-2638-89 157.20 Dolomite Nonferroan Dolomite Regional Dolomite 
Stage 1 - Grey Replacive 
Dolomite 3.64 23.74 
8 TC-7271 TC-2638-17 317.25 Dolomite Ferroan Dolomite 
Ferroan Dolomite 
Veinlets 
Stage 2 - Hydrothermal 
Dolomitization / Brecciation 3.41 24.11 
9 TC-7258 TC-2638-26 233.08 Dolomite Nonferroan Dolomite WMB 
Stage 2 - Hydrothermal 
Dolomitization / Brecciation 3.42 23.55 
10 TC-7257 TC-2638-36 301.15 Dolomite Ferroan Dolomite 
Ferroan Dolomite 
Veinlets 
Stage 2 - Hydrothermal 
Dolomitization / Brecciation 3.83 25.16 
11 TC-7337 TC-2638-40 154.50 Dolomite Ferroan Dolomite BMB 
Stage 2 - Hydrothermal 
Dolomitization / Brecciation 3.49 24.08 
12 TC-2853 TC-2638-45 157.14 Dolomite Nonferroan Dolomite BMB 
Stage 2 - Hydrothermal 
Dolomitization / Brecciation 3.68 23.86 
13 TC-7444 TC-2638-50 344.25 Dolomite Ferroan Dolomite 
Ferroan Dolomite 
Veinlets 
Stage 2 - Hydrothermal 
Dolomitization / Brecciation 3.66 23.19 
14 TC-7443 TC-2638-50 350.30 Dolomite Ferroan Dolomite 
Ferroan Dolomite 
Veinlets 
Stage 2 - Hydrothermal 
Dolomitization / Brecciation 3.80 23.55 
15 TC-7429 TC-2638-69 590.00 Dolomite Ferroan Dolomite BMB 
Stage 2 - Hydrothermal 
Dolomitization / Brecciation 1.95 24.15 
16 TC-7380 TC-2638-74 176.50 Dolomite Nonferroan Dolomite BMB 
Stage 2 - Hydrothermal 
Dolomitization / Brecciation 3.51 22.95 
17 TC-7376 TC-2638-74 298.30 Dolomite Ferroan Dolomite 
Ferroan Dolomite 
Veinlets 
Stage 2 - Hydrothermal 
Dolomitization / Brecciation 3.89 22.75 
18 TC-7417 TC-2638-78 339.97 Dolomite Ferroan Dolomite 
Ferroan Dolomite 
Veinlets 
Stage 2 - Hydrothermal 
Dolomitization / Brecciation 4.00 25.13 
19 TC-7316 TC-2638-86 237.65 Dolomite Ferroan Dolomite BMB 
Stage 2 - Hydrothermal 
Dolomitization / Brecciation 3.78 23.89 
20 TC-7253 TC-2638-08 553.26 Calcite Ferroan Calcite 
Calcite Vein 
 
Stage 3 - Ferroan Calcite and Zn-
Pb Sulfides 2.36 24.63 
21 TC-7254 TC-2638-08 554.44 Calcite Ferroan Calcite Calcite Vein 
Stage 3 - Ferroan Calcite and Zn-
Pb Sulfides 2.40 23.13 
22 TC-7252 TC-2638-08 573.00 Calcite Ferroan Calcite Calcite Vein 
Stage 3 - Ferroan Calcite and Zn-
Pb Sulfides 2.42 24.05 
23 TC-7271 TC-2638-17 317.25 Calcite Nonferroan Calcite Calcite Vein 
Stage 3 - Ferroan Calcite and Zn-
Pb Sulfides 2.35 23.62 
24 TC-7257 TC-2638-36 301.15 Calcite Ferroan Calcite Calcite Vein 
Stage 3 - Ferroan Calcite and Zn-
Pb Sulfides 3.40 26.03 
25 TC-7446 TC-2638-50 313.75 Calcite Nonferroan Calcite Calcite Vein 
Stage 3 - Ferroan Calcite and Zn-
Pb Sulfides 3.31 25.29 
26 TC-7349 TC-2638-55 198.60 Calcite Nonferroan Calcite Calcite Vein 
Stage 3 - Ferroan Calcite and Zn-
Pb Sulfides 2.67 23.62 
27 TC-7255 TC-2638-08 512.60 Calcite Nonferroan Calcite WMB Stage 4 - Calcite WMB and Veins 2.22 21.09 
28 TC-7254 TC-2638-08 554.44 Calcite Nonferroan Calcite WMB Stage 4 - Calcite WMB and Veins 1.69 21.13 
29 TC-7270 TC-2638-17 221.28 Calcite Nonferroan Calcite WMB Stage 4 - Calcite WMB and Veins 1.58 21.90 
30 TC-7405 TC-2638-30 312.48 Calcite Nonferroan Calcite WMB Stage 4 - Calcite WMB and Veins 2.29 21.57 
31 TC-7402 TC-2638-30 537.14 Calcite Nonferroan Calcite WMB Stage 4 - Calcite WMB and Veins 2.37 21.00 
32 TC-2852 TC-2638-45 166.07 Calcite Nonferroan Calcite WMB Stage 4 - Calcite WMB and Veins 1.84 19.21 
33 TC-7365 TC-2638-45 202.00 Calcite Nonferroan Calcite WMB Stage 4 - Calcite WMB and Veins 2.45 21.51 




35 TC-7315 TC-2638-60 229.75 Calcite Nonferroan Calcite WMB Stage 4 - Calcite WMB and Veins 1.18 21.01 
36 TC-7431 TC-2638-69 443.45 Calcite Nonferroan Calcite WMB Stage 4 - Calcite WMB and Veins 2.27 21.51 
37 TC-7316 TC-2638-86 237.65 Calcite Nonferroan Calcite WMB Stage 4 - Calcite WMB and Veins 2.26 21.96 
38 TC-7337 TC-2638-40 154.50 Dolomite Ferroan Dolomite Pink Dolomite Stage 5 - Pink Dolomite 2.43 19.85 
39 TC-7363 TC-2638-45 198.00 Dolomite Ferroan Dolomite Pink Dolomite Stage 5 - Pink Dolomite 2.48 21.06 
40 TC-7314 TC-2638-60 152.30 Dolomite Ferrous Dolomite Pink Dolomite Stage 5 - Pink Dolomite 2.49 20.76 
41 TC-7382 TC-2638-74 159.24 Dolomite Ferroan Dolomite Pink Dolomite Stage 5 - Pink Dolomite 1.52 18.64 
42 TC-7380 TC-2638-74 176.50 Dolomite Ferroan Dolomite Pink Dolomite Stage 5 - Pink Dolomite 2.29 20.65 
43 TC-7381 TC-2638-74 177.10 Dolomite Ferroan Dolomite Pink Dolomite Stage 5 - Pink Dolomite 2.71 21.03 
44 TC-7379 TC-2638-74 209.50 Dolomite Ferroan Dolomite Pink Dolomite Stage 5 - Pink Dolomite 2.80 20.55 
45 TC-7267 TC-2638-77 309.20 Dolomite Ferroan Dolomite Pink Dolomite Stage 5 - Pink Dolomite 2.81 19.93 
46 TC-7302 TC-2638-86 261.50 Dolomite Ferroan Dolomite Pink Dolomite Stage 5 - Pink Dolomite 3.68 22.60 
47 TC-7345 TC-2638-56 334.60 Calcite Nonferroan Calcite De-dolomite Stage 6 - De-dolomitization -6.11 24.79 
48 TC-7345 TC-2638-56 334.60 Calcite Nonferroan Calcite De-dolomite Stage 6 - De-dolomitization -0.88 22.61 
49 TC-7320 TC2638-47 57.20 Dolomite Ferroan Dolomite 
Diatreme (Fe-
dolomite)  2.88 22.48 
50 TC-7261 TC-2638-53 314.77 Dolomite Ferroan Dolomite 
Siliceous Lithic 
Breccia  1.21 21.93 
51 TC-7350 TC-2638-55 307.10 Dolomite Ferroan Dolomite 
Siliceous Lithic 
Breccia  3.35 23.85 
52 TC-7268 TC-2638-77 81.40 Dolomite Ferroan Dolomite 
Alkali Basalt Dike - 
Brecciated  -1.14 20.95 
53 TC-7268 TC-2638-77 81.40 Dolomite Nonferroan Dolomite 
Alkali Basalt Dike - 
Brecciated  0.29 22.10 
54 TC-7416 TC-2638-78 285.75 Calcite Ferroan Calcite 
Igneous Dissolution 
Breccia  3.30 23.13 
55 TC-7389 TC-2638-83 117.98 Dolomite Ferroan Dolomite Knockroe Volcanics  1.35 22.11 
56 TC-7390 TC-2638-86 343.50 Calcite Nonferroan Calcite 
Igneous Dissolution 























STABLE δ34SVCDT ISOTOPES  
 Ninety-five (95) sulfide samples from the Stonepark and Stonepark North prospect were analyzed 
at the Colorado School of Mines Stable Isotope Laboratory. Most of the samples were from drill holes in 
the Stonepark North prospect. The samples were utilized to examine lateral and vertical spatial variability 
of δ34S as well as isotopic variability with different breccia types and paragenetic stages of sulfides. Prior 
to sample preparation, all sulfides were examined under a binocular microscope to check for 
homogeneity. Special care was taken to ensure that samples only contained one sulfide species as δ34S 
fractionates differently depending on the sulfide. Once a sulfide sample was identified, it was sampled 
using a micro-drill to create a fine powder. The drill bit was sterilized prior to each use by cleaning with a 
fresh Kimwipe soaked with acetone to remove any residual sulfides. The sample powder was collected on 
a piece of clean weighing paper and carefully poured into a glass screw-top vial. A clean sheet of 
weighing paper was used for each sample and the work area carefully cleaned to reduce the chance of 
contamination.  
 Samples were combusted at 1050°C using a Eurovector 3000 elemental analyzer to form sulfur 
dioxide gas that was then delivered to a Micromass Isoprime stable isotope mass spectrometer in 
continuous-flow mode in helium carrier gas. Sample size was variable dependent on mineralogy and 
purity, but was generally less than 100 µ-grams. A δ34S isotope ratio transient peak was generated for 
each sample and compared to the δ34S of a laboratory working standard sulfur dioxide reference gas 
calibrated against laboratory standard barium sulfate, NBS-127. All values are reported in delta notation 
as a per mil difference relative to the CTD international standard, with an uncertainty of ±0.3‰ calculated 



















Table G-1: Sulfur isotope results from the Stonepark prospect.  
# Sample ID# Hole ID# Depth (m) Rock Type Mineral δ
34S 
(‰CDT) 
1 TC-2921 TC - 2638 - 32 102.4 Alkali Basalt Dike Pyrite 7.58 
2 TC-2900 TC - 2638 - 36 88.32 Alkali Basalt Dike Pyrite 8.83 
3 TC-2902 TC - 2638 - 36 137.43 Alkali Basalt Dike Pyrite -18.05 
4 TC-2903 TC - 2638 - 36 137.74 Alkali Basalt Dike Pyrite 0.64 
5 TC-2896 TC - 2638 - 45 94.92 Alkali Basalt Dike Pyrite -35.63 
6 TC-2847 TC - 2638 - 45 97.12 Alkali Basalt Dike Pyrite 8.82 
7 TC-2848 TC - 2638 - 45 101.03 Alkali Basalt Dike Pyrite -34.51 
8 TC-2876 TC - 2638 - 45 110.05 Alkali Basalt Dike Pyrite 6.56 
9 TC-2859 TC - 2638 - 45 182.84 Alkali Basalt Dike Pyrite 7.54 
10 TC-2860 TC - 2638 - 45 205.27 Alkali Basalt Dike Pyrite -30.47 
11 TC-2865 TC - 2638 - 45 223.91 Alkali Basalt Dike Pyrite -42.45 
12 TC-2865 TC - 2638 - 45 223.91 Alkali Basalt Dike Pyrite -18.81 
13 TC-2872 TC - 2638 - 45 227.7 Alkali Basalt Dike Pyrite -34.55 
14 TC-2867 TC - 2638 - 45 231.64 Alkali Basalt Dike Pyrite -16.4 
15 TC-2868 TC - 2638 - 45 233.78 Alkali Basalt Dike Pyrite -33.15 
16 TC-2870 TC - 2638 - 45 260.24 Alkali Basalt Dike Pyrite -6.71 
17 TC-2924 TC - 2638 - 50 67.3 Alkali Basalt Dike Pyrite 5.28 
18 TC-2926 TC - 2638 - 50 70.32 Alkali Basalt Dike Pyrite -34.50 
19 TC-2904 TC - 2638 - 36 190.4 Black Matrix Breccia Galena -15.35 
20 TC-2904 TC - 2638 - 36 190.4 Black Matrix Breccia Pyrite -14.97 
21 TC-2904 TC - 2638 - 36 190.4 Black Matrix Breccia Sphalerite -14.65 
22 TC-2887 TC - 2638 - 38 56.75 Black Matrix Breccia Pyrite -14.60 
23 TC-2893 TC - 2638 - 38 242.86 Black Matrix Breccia Pyrite -15.39 
24 TC-2858 TC - 2638 - 45 117.03 Black Matrix Breccia Pyrite -32.08 
25 TC-2850 TC - 2638 - 45 117.82 Black Matrix Breccia Pyrite -26.25 
26 TC-2857 TC - 2638 - 45 127.14 Black Matrix Breccia Pyrite -18.44 
27 TC-2856 TC - 2638 - 45 132.83 Black Matrix Breccia Pyrite -27.22 
28 TC-2875 TC - 2638 - 45 222.22 Black Matrix Breccia Pyrite -30.51 
29 TC-2866 TC - 2638 - 45 228.75 Black Matrix Breccia - Polymictic  Pyrite -29.34 
30 TC-2866 TC - 2638 - 45 228.75 Black Matrix Breccia - Polymictic  Pyrite -14.68 
31 TC-2866 TC - 2638 - 45 228.75 Black Matrix Breccia - Polymictic  Sphalerite 9.44 
32 TC-2908 TC - 2638 - 32 261.97 Hybrid Breccia - Igneous Dissolution Breccia Pyrite -33.43 
33 TC-2906 TC - 2638 - 36 292.35 Hybrid Breccia - Igneous Dissolution Breccia Pyrite -18.68 
34 TC-2906 TC - 2638 - 36 292.35 Hybrid Breccia - Igneous Dissolution Breccia Pyrite 5.05 
35 TC-2891 TC - 2638 - 47 248.9 Hybrid Breccia - Igneous Dissolution Breccia Pyrite -30.78 
36 TC-2890 TC - 2638 - 47 276.91 Hybrid Breccia - Igneous Dissolution Breccia Pyrite -33.59 
37 TC-2886 TC - 2638 - 47 307.84 Hybrid Breccia - Igneous Dissolution Breccia Pyrite -23.37 
38 TC-2888 TC - 2638 - 47 308.5 Hybrid Breccia - Igneous Dissolution Breccia Pyrite -25.33 
39 TC-2895 TC - 2638 - 56 219.34 Hybrid Breccia - Igneous Dissolution Breccia Pyrite -34.99 
40 TC-2892 TC - 2638 - 56 254.77 Hybrid Breccia - Igneous Dissolution Breccia Pyrite -39.12 
41 TC-2914 TC - 2638 - 57 113.13 Hybrid Breccia - Igneous Dissolution Breccia Pyrite -33.77 
42 TC-2915 TC - 2638 - 57 154.8 Hybrid Breccia - Igneous Dissolution Breccia Pyrite -30.41 
43 TC-2910 TC - 2638 - 57 314.9 Hybrid Breccia - Igneous Dissolution Breccia Pyrite -18.82 
44 TC-2910 TC - 2638 - 57 314.9 Hybrid Breccia - Igneous Dissolution Breccia Pyrite -7.91 
45 TC-2909 TC - 2638 - 57 315.25 Hybrid Breccia - Igneous Dissolution Breccia Sphalerite -21.37 
46 TC-2927 TC - 2638 - 50 197.33 Igneous Breccia Pyrite -37.56 
47 TC-2927 TC - 2638 - 50 197.33 Igneous Breccia Pyrite -29.87 
48 TC-2911 TC - 2638 - 57 268.25 Igneous Breccia Pyrite -32.03 
49 TC-2912 TC - 2638 - 57 270.05 Igneous Breccia Pyrite -38.27 
50 TC-2928 TC - 2638 - 08 552.32 Lower ABL - Massive Sulfide Galena 13.27 
51 TC-2928 TC - 2638 - 08 552.32 Lower ABL - Massive Sulfide Pyrite 11.05 
52 TC-2928 TC - 2638 - 08 552.32 Lower ABL - Massive Sulfide Sphalerite 13.46 
53 TC-2907 TC - 2638 - 32 282.01 Lower Mineralized Zone  Galena -7.10 
54 TC-2907 TC - 2638 - 32 282.01 Lower Mineralized Zone  Pyrite -1.69 
55 TC-2907 TC - 2638 - 32 282.01 Lower Mineralized Zone  Sphalerite -1.68 
56 TC-2889 TC - 2638 - 47 297.15 Lower Mineralized Zone  Sphalerite -11.12 
57 TC-2883 TC - 2638 - 47 313.23 Lower Mineralized Zone  Galena -8.01 
58 TC-2883 TC - 2638 - 47 313.23 Lower Mineralized Zone  Sphalerite -6.34 
59 TC-2923 TC - 2638 - 26 221.3 Massive Zn-Pb-Fe Sulfide Galena -7.89 
60 TC-2923 TC - 2638 - 26 221.3 Massive Zn-Pb-Fe Sulfide Pyrite -16.56 
61 TC-2923 TC - 2638 - 26 221.3 Massive Zn-Pb-Fe Sulfide Sphalerite -3.03 
62 TC-2917 TC - 2638 - 32 208.2 Massive Zn-Pb-Fe Sulfide Galena -7.65 
63 TC-2917 TC - 2638 - 32 208.2 Massive Zn-Pb-Fe Sulfide Pyrite -12.64 
64 TC-2917 TC - 2638 - 32 208.2 Massive Zn-Pb-Fe Sulfide Sphalerite -0.97 
65 TC-2918 TC - 2638 - 32 208.45 Massive Zn-Pb-Fe Sulfide Sphalerite -4.25 
66 TC-2918 TC - 2638 - 32 208.45 Massive Zn-Pb-Fe Sulfide Galena -6.93 
67 TC-2919 TC - 2638 - 32 209.73 Massive Zn-Pb-Fe Sulfide Pyrite -8.37 
108 
 
68 TC-2919 TC - 2638 - 32 209.73 Massive Zn-Pb-Fe Sulfide Pyrite 0.3 
69 TC-2919 TC - 2638 - 32 209.73 Massive Zn-Pb-Fe Sulfide Pyrite 4.73 
70 TC-2919 TC - 2638 - 32 209.73 Massive Zn-Pb-Fe Sulfide Sphalerite -3.97 
71 TC-2919 TC - 2638 - 32 209.73 Massive Zn-Pb-Fe Sulfide Sphalerite -2.61 
72 TC-2898 TC - 2638 - 38 239.45 Massive Zn-Pb-Fe Sulfide Pyrite -9.61 
73 TC-2893 TC - 2638 - 38 242.86 Massive Zn-Pb-Fe Sulfide Sphalerite -6.78 
74 TC-2894 TC - 2638 - 38 253.08 Massive Zn-Pb-Fe Sulfide Pyrite -18.62 
75 TC-2894 TC - 2638 - 38 253.08 Massive Zn-Pb-Fe Sulfide Pyrite -5.80 
76 TC-2894 TC - 2638 - 38 253.08 Massive Zn-Pb-Fe Sulfide Sphalerite -5.81 
77 TC-2861 TC - 2638 - 45 212.1 Massive Zn-Pb-Fe Sulfide Galena -5.51 
78 TC-2861 TC - 2638 - 45 212.1 Massive Zn-Pb-Fe Sulfide Pyrite -6.92 
79 TC-2861 TC - 2638 - 45 212.1 Massive Zn-Pb-Fe Sulfide Sphalerite -5.84 
80 TC-2863 TC - 2638 - 45 213.05 Massive Zn-Pb-Fe Sulfide Galena -6.35 
81 TC-2863 TC - 2638 - 45 213.05 Massive Zn-Pb-Fe Sulfide Pyrite -4.30 
82 TC-2863 TC - 2638 - 45 213.05 Massive Zn-Pb-Fe Sulfide Sphalerite -3.15 
83 TC-2862 TC - 2638 - 45 215.9 Massive Zn-Pb-Fe Sulfide Galena -5.31 
84 TC-2862 TC - 2638 - 45 215.9 Massive Zn-Pb-Fe Sulfide Pyrite -17.96 
85 TC-2862 TC - 2638 - 45 215.9 Massive Zn-Pb-Fe Sulfide Pyrite -6.45 
86 TC-2884 TC - 2638 - 38 145.08 Pyrite Vein Pyrite -7.1 
87 TC-2878 TC - 2638 - 45 122.12 Pyrite Vein Pyrite -38.97 
88 TC-2851 TC - 2638 - 45 112.83 Pyrite Vein  Pyrite -29.65 
89 TC-2905 TC - 2638 - 36 167.42 Sphalerite Filling Stromatactis Sphalerite -17.53 
90 TC-2869 TC - 2638 - 45 256.84 Sphalerite Vein in Undolomitized WA Sphalerite -2.58 
91 TC-2922 TC - 2638 - 26 164.02 WMB Pyrite -34.61 
92 TC-2920 TC - 2638 - 32 71.44 WMB Pyrite -19.06 
93 TC-2879 TC - 2638 - 38 211.98 WMB Sphalerite -6.77 
94 TC-2877 TC - 2638 - 45 135.44 WMB Pyrite -6.58 

































STONEPARK NORTH CROSS SECTIONS 
Cross and long sections that transect the Stonepark North area.  
 




































Figure H-10: Stonepark North 163700N N-S cross section. 
